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FOREWORD 


THIS  APPENDIX  IS  A  SUPPLEMENT  TO  THE  COMPREHENSIVE 
MASTER  PLAN,     MOST  OF  THE  DATA  CONTAINED  HEREIN  ARE 
INTENDED  TO  SUBSTANTIATE  THE  GENERAL  DATA  DISCUSSED 
IN  VARIOUS  CHAPTERS  OF  THE  MASTER  PLAN  REPORT. 

THE  DIFFERENT  ITEMS  CONTAINED  IN  THIS  APPENDIX  ARE 
LISTED  BELOW  IN  THE  SAME  SEQUENCE  AS  THEY  ARE  DISCUSSED: 

1,  THE  SAN  FRANCISCO  SEWERAGE  SYSTEM  AND 
ITS  TOTAL  COST 

2,  WASTEWATER  QUALITY  DATA 

3,  WET  WEATHER  WASTEWATER  LOADS 

4,  RECEIVING  WATER  QUALITY  PARAMETERS 

5,  THE  EFFECTS  OF  STORMWATER  RETENTION 
BASINS  UPON  STORM  FREQUENCIES  HANDLED 
BY  A  COMBINED  SEWER  SYSTEM 

6,  CATCHBASIN  SURVEY 

7,  ESTIMATING  THE  FACILITIES 

8,  DRAINAGE  AND  WATERSHED  CHARACTERISTICS 
OF  THE  SEWERAGE  SYSTEM 

9,  FLOW  PROJECTIONS  FOR  THE  SEWERAGE  SYSTEM 

10.  SEWER  INADEQUACY  STUDY 

11.  STORAGE  CAPACITY  VS,  TREATMENT  RATE  ANALYSIS 


NOTE  THAT  EACH  ITEM  IS  TREATED  SEPARATELY  AND  THE 
CORRESPONDING  TABLES.,  FIGURES,  AND/OR  PLATES 
REFERRED  TO  WILL  BE  FOUND  DIRECTLY  AT  THE  END  OF  THE 
TEXT  FOR  EACH  ITEM.     EACH  ITEM  IS,  THEREFORE,  INTENDED 
TO  BE  INDEPENDENT, 


ERRATA 


The  following  errata  is  intended  to  correct  the  major  errors 
that  result  in  the  first  publication  of  a  document  of  this  size. 
The  final  Appendix  will  be  revised  to  include  these  corrections 
along  with  expected  additional  items  that  become  apparent  as  re- 
view proceeds. 


Section  One 

The  San  Francisco  Sewerage  System  and  Its  Total  Cost 
ITEM  PAGE  CORRECTION 


1  2  Line  7  Change  from  "In  1951  to  1952," 

to  "In  1951  and  1952." 


Section  Three 
Wet  Weather  wastewater  Loads 


1 

2 


5  -  Table  IV- 20    Add  footnote  (1)  -  Federal  Office 

Building  (FOB)  ralngage . 

9  -  Table  IV-22    Delete  asterisks  shown  after 

July  to  Dec.  1969, 
Jan.  to  June  1970,  and 
July  1969  to  June  1970 

12  -  Table  IV-23    Footnote  B 

Delete  (For  storms  corrected)  Add 
(Storms  Uncorrected  from  2k  hour 
concept ) 

Footnote  C  add  (to  activity  orienta- 
tion) . 


15  Table  IV- 2 6 


Footnote  1  -  Change  Table  IV-20 
to  IV-22 

Footnote  2  -  Change  Table  IV-22 
to  IV-23 


Section  Four 
Receiving  Water  Quality  Parameters 

>6"  with 


1  Line  11 


Replace  "20  x  10' 
"29  x  106" 


-  1  - 


1 


Section  Four  (Cont'd.) 
(Receiving  Water  Quality  Parameters) 


CORRECTION 


ITEM  '  PAGE 


2  i  Line  13  Replace  "62  x  106"  with  "6.2  x  106" 

3  3  Figure  IV- 31      Mean  MPN/100  mi 

of  Dry  Weather  Receiving 
Water  changed  from  "3-5  x  10" 
to  "3.5  x  1C-2" 

Section  Five 
The  Effects  of  Stormwater  Retention  Basins-  upon 
Storm  Frequencies  Handled  by  a  Combined  Sewer  System 

1  3  line  7  "Table  V-13"  to  "Table  V-13  A" 

2  3  line  16  "Table  V-13A"  to  "Table  V-13" 

3  18  Table  V-13         Change  Qinn  from  "136"  to  "146"  cfs 

Conduit  from  ±uu 
44810  to  44800 

4  18-Table  V-13  Change  Q1Q0  from  "458"  to  "487"  cfs 

Conduit  from 

44800  to  44310 

5  23-Table  V-14  Change  100-year  flow  for  alternate 

Conduit  from  (3)  from  "136"  to  "146" 

44810  to  44800 

6  23-Table  V-14  Change  100  year  flow  for  alternate 

conduit  from  (1)  from  "486"  to  "832"  and  for 

44800  to  44310  alternate  (3)  from  "832"  to  "487" 

Section  Six 
Catchbasin  Survey 

1  1  Additional  paragraph:  Catchbasin 

samples  taken  from  the  demographic 
areas  (Figures  V-35  thru  V-46)  are 
to  be  the  basis  of  a  Citywide  extra- 
polation of  the  effects  of  catchbasins 
upon  the  sewerage  system.     A  Citywide 
extrapolation  would  be  similiar  to 
that  developed  in  the  Drainage  and 
Watershed  Characteristics  section  of 
this  Appendix. 


-  2  - 


I 


Section  Six  (Cont'd) 
(Catchbasin      Survey  ) 

ITEM  PAGE  CORRECTION 


2  2  Table  V-20  to  be  identified  and 

referenced  to  figures: 

Area  Figure 

la  Folsom  St.  V-20a 

lb  4th  &  Bluxome  V-20a 

2  Harrison  &  19th  V-20b 

3  Moraga  &  25th  V-20c 

4  Tennessee  &  19th  V-20d 

5  Divisadero  &  North  Pt.V-20e 
7  Plymouth  &  Sadowa  V-20f 

3  3  Table  V-21 

Demographic  Area  designation  to 
be  added  to  table: 

a.  Low  Income  Residential  -  Plymouth  &  Sadowa, 
Webster  &  Turk 

b.  Industrial  —  7th  &  Hopper,  Yosemite,  Lower 
Selby 

c.  Single  Family  Residential  -  40th  &  Moraga, 
Upper  Mission 

d.  Commercial  -  Mason  &  0TFarrell,  32nd  &  Tarava 
Montgomery 

e.  High  Income  Residential  -  Marina  Area 

f .  Multiple  Family  Residential-Haight  &  Ashbury 

Section  Seven 
Estimating  the  Facilities 

1  2  Delete  "Manifold  in  rating  pro- 
Last  sentence  in  first  gressing" 

paragraph  of  Retention 
Basins  Section. 

2  5  Insert",  by  a  consultant,"  between 
4th  line  "supplied"  and  "for" 

3  7-  "invironments"  changed  to  "environ- 
Last  paragraph  ments" 

4  13  Change  from  "S  =  Profile  &  OH  x 
Table  V-71  1.25  -  $210.64  to  "S  =  Profit  J  OH  = 
Bottom  of  table  Sum  x  1.25  -  $210.64 


-  3  - 


Section  Nine 
Plow  Projections  For  The  Sewerage  System 


ITEM 


PAGE 


CORRECTION 


1 

2 


1 

2 
3 


2 
3 

6  -  Table  *1 


Table  "3"  changed  to  Table  "V 

Change  the  NP  effluent  flow  from 
"15.9"  HGD  to  "51.9"  MGD 

Change  in  Note  3. 

"Table  3"  to  be  replaced  by  "Figure  2" 


Section  Ten 
Sewer  Inadequacy  Study 


3  Line 
11 


Replace  r  with/Vr    in  formula 

for  c,  frictional  loss  coefficient. 

Change  from  "0.11"  to  "0.011" 


New  Paragraph 
under  Data  Collections 


6c) 
&  d) 


New  paragraph 
between  paragraphs 
2  &  3 


Insert  -  Plates  1  thru  4  -  summarize 
for  each  of  the  various  outfalls 
tabulated,  the  total  miles  of 
transport  sewer  investigated,  the 
miles  of  inadequate  transport- 
sewer  and  the  cost  of  construction 
for  the  noted  ranges  of  adequacy. 


Replace  c)  "high  energy  grade"  with 
"upper  energy  grade  line  elevation". 

Replace  d)  "low  energy  grade"  with 
"lower  energy  grade  line  elevation" 

If  a  sewer  were  determined  to  be 
between  95%  and  100?  adequate,  no 
cost  of  construction  was  calculated. 


Section  Eleven 
Storage  Capacity  vs.  Treat  Rate  Analysis 


10  Plate  8 


Treatment  rate  from  23182  hundredths 
of  an  inch  per  hour  to  2  hundredths 
of  an  inch  per  hour. 


-  ij  - 


THE  SAN  FRANCISCO 
SEWERAGE  SYSTEM 

8  ITS    TOTAL  COST 


THE  SAN  FRANCISCO  SEWERAGE  SYSTEM  AND  ITS  TOTAL  COST 


Due  to  tremendous  public  pressure  and  indignation  over  the 
generally  deplorable  state  of  the  sanitary  disposal  facili- 
ties, San  Francisco  adopted  its  first  sewerage  master  plan 
in  1899,  as  recommended  by  Messrs.  Grunsky  and  Man son. '  ' 
Among  the  recommendations  toward  future  developments  were 
the  incorporation  of  the  then  existing  250  miles  of  com- 
bined sewers  into  a  coherent  plan  of  disposal  using  the 
natural  watershed  drainage  patterns,  the  continuation  of 
building  combined  sewers,  and  the  recommendation  that  dis- 
posal of  raw  sewage  be  accomplished  via  deep  water  outfalls. 

In  the  ensuing  35  years,  the  first  two  of  these  recommen- 
dations were  carried  out  and  over  700  miles  of  combined 

sewers  were  in  use.     In  1935,  Messrs.  Eddy,  Hyde,  Kennedy 

(2) 

and  Reynolds  published  a  second  master  plan        for  the 
collection,  treatment,  and  disposal  of  San  Francisco's 
sewage.     This  plan  provided  for  the  division  of  the  City 
into  three  major  areas,  each  to  be  tributary  to  its  own 
treatment  plant,  installation  of  dry  weather  diversion 
fittings  on  the  storm  water  system,  the  construction  of 
three  primary  treatment  plants  to  provide  primary  sewage 
treatment  for  all  dry  weather  sanitary  flows  and  0.02  iph 

1)  System  of  Sewerage  for  the  City  of  San  Francisco  (1899) 
by  C.  E.  Grunsky,  et  al. 

2)  Report  on  the  Treatment  and  Disposal  of  the  Sewage  of 
San  Francisco   (May  1935),  by  H.  P.  Eddy,  et  al. 


of  rainfall,  and  the  continued  construction  of  combined 
sewers. 

Immediately  following  the  publication  of  the  second  master 
plan,  the  Richmond-Sunset  Water  Pollution  Control  Plant 
was  constructed  providing  treatment  for  the  dry  weather 
sewage  flow  from  the  western  side  of  the  City.     In  1951 
to  1952,  the  North  Point  and  Southeast  Water  Pollution 
Control  Plants  were  completed  providing  primary  treatment 
for  most  of  the  City's  dry  weather  flow  and  a  fraction 
of  the  wet  weather  flow.     Between  1951  and  1965,  a  program 
of  fitting  the  storm  water  system  with  facilities  to  inter 
cept  the  remaining  dry  weather  sewage  flow  was  implemented 
which  when  completed,  resulted  in  the  collection  of  all 
dry  weather  discharges  on  the  northern  and  eastern  peri- 
phery of  the  City. 

The  present  San  Francisco  sewerage  system  includes  over 
900  miles  of  combined  sewers,  56  diversion  structures, 
35  miles  of  intercepting  sewers,  22  pumping  stations,  and 
three  primary  treatment  plants.    The  worth  of  this  total 
system  in  1971  dollars  is  estimated  to  be  1.33  billion 
dollars.     Table  IV-1  shows  the  breakdown  of  the  system's 
estimated  value. 


TABLE  IV-1 


ESTIMATED  VALUE  OF  THE  SEWERAGE  SYSTEM 
Millions  of  1971  Dollars  (1 


Conduits               8"  -  36"  in  dia.  466 

36"  -  60"  in  dia.  130 

60"  in  dia.  151 

Tunnels  28.8 

Culverts  32 

Side  Sewers  317 

Catchbasins  25 

Manholes  16 

Pile  Supports  32 

Diversion  Structures   12 

Sub  total  1,209.8 

Treatment  Plants 

W/  Improvements  and  Additions 

NP  62.87 

SE  20.76 

RS  28.16 

Pump  Station   8.44 

TOTAL  $1,330 

(1)     ENR  =  1700 
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TABLE  IV-1 


'4 
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J 
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i 
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E.N.R.  COST  INDEX  ._ 


YEAR 

INDEX 

YEAR 

INDEX 

1939 

240 

1955 

690 

1940 

250 

1956 

730 

1941 

270 

1957 

770 

1942 

280 

1958 

820 

1943 

290 

1959 

860 

1944 

310 

1960 

880 

1945 

320 

1961 

920 

1946 

380 

1962 

940 

1947 

440 

1963 

1010 

1948 

480 

1964 

1050 

1949 

485 

1965 

1140 

1950 

530 

1966 

1210 

1951 

550 

1967 

1300 

1952 

590 

1968 

1420 

1953 

610 

1969 

1500 

1954 

660 

1970 

1610 

1971 

1700 
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•H 

•H 

cx  o 

CJ 

iH 

W 

JJ 

tM 

00 

01 

O 

c 

a 

C 

CJ 

0) 

O 

•H 

W) 

CO 

o 

«3 

p  co 

c 

CJ 

c 

CJ 

O 

•H 

> 

di  CJ 

CO 

erf 

CO 

O 

a 

rH 

o 

w 

jC 

0) 

ti 

• 

rH 

CJ 

60 

CJ  Q. 

u 

0 

o 

w 

g 

CO 

C 

to  B 

6 

.  g 

•t-t 

to 

CD 

•U 

• 

•H 

O 

• 

•a 

o 

3 

rH 

4J 

CJ 

CO 

O, 

3  U 

c 

•u 

rH 

C3 

rH 

rH 

c 

•H 

rH 

•H 

< 

-  CO 

w 

< 

CJ 

M 

< 

Cm 

CO 

< 

^£ 

< 

3 
■J 

I 


M 

i 


'1 
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TABLE  IV-1 


00 

»• 

r-l  r-4  O 
1"^  r-l  iH 
CN  O 

f  :  Q 


X  w 


tn 

in 

00 

O 

r-l 

00 

r-4 

00 

r-l 

rH 

rH 

sr 

O 

CS 

SO 

o 

o 

o 

• 

o 

CM 

r-l 

• 

• 

• 

• 

f-l 

• 

« 

• 

• 

r-4 

JJ  0) 
Pi  CO 

Z  O  C 

W  O  H 


won 
to  J-i  O 
w  cx,  o 


o 

JJ 
O 

o 


O  rH 


JJ  4J 

C  co 

O  O 

O  O 


i 


M  Vi 
H  0> 

CO  JJ 

w  « 
tv 

CO 

i 

CO 

I 

a 

5 


0)  P. 

<u  E 
ed  o 


0) 

0)  rl 
4J  CS 
«  $ 

Q  < 


co 
on 
o 


© 

o 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

rH 

r-l 

m 

<* 

r-4 

CM 

CO 

m 

»n 

o 

o 

o 

r-4 

CM 

r- 

CO 

CO 

co 

m 

ON 

vO 

vO 

i 

CO 

O 

vO 

ON 

CO 

<t 

m 

vo 

m 

m 

vo 

1 

vO 

vO 

r*. 

vO 

vo 

1 

r-4 

1 

1 

ON 

1 

1 

CM 

1 

i 

O 

i 

m 

C7\ 

r-l 

f*- 

OA 

1 

CO 

ON 

CM 

r-l 

1 

1 

1 

1 

CM 

1 

1 

1 

r-4 

r-l 

CO 

CM 

CM 

CO 

r-4 

St 

st 

St 

• 

rl 

• 

• 

4) 

CO 

• 

JJ 

to 

u 

00 

o  . 

r-4 

cu 

03 

< 

• 

• 

u 

jc 

E 

tn 

a) 

§• 

CO 

O 

a  <y 

o 

u 

jj 

r-l 

CO- 

60 to 

JJ 

<u 

CO 

CJ 

o 

DS 

p5 

*o  3 

O 

jj 

• 

o 

3  O 

to 

0) 

CO 

•>  CJ 

0) 

r-l  33 

(V 

r-l 

0) 

r-4 

•  C3 

to 

u 

to 

33 

w 

00 

co 

•H 

r-l 

t-4 

a. 

0) 

U 

CO 

iH 

.  CO 

• 

• 

Q 

Cm 

CO  QJ 

JJ 

IW 

<u  u 

JJ 

JJ 

w 

60 

>A 

V 

• 

O 

O  4-1 

(0 

CO 

0) 

jj 

J»  CO 

JO 

CO 

rl 

co  C 

C 

C3 

60 

rl 

CO- 

cw 5 

*T3 

0) 

• 

r-l  CO 

o 

O 

T3 

cu 

CO 

■H  0) 

C 

o 

JJ 

CO 

o 

CJ 

JJ 

§ 

X)  CO 

co 

u 

r-l 

<u 

o 

r-l 

Is 

o 

JJ 

Cm 

<c 

< 

02 

oi 

CO 

CO 

CO 

vO 
O 


o 

CO 

o 

vO 

o 

© 

O 

o 

— 1 

O 

o 

o 

o 

O 

O 

(ft 

o 

• 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

CO 

o 

o 

o 

(ft 

o 

(ft 

o 

(ft 

co 

o 

CM 

o 

(ft 

o 

o 

4ft 

m 

4ft 

CO 

o 

4ft 

CO 

CO 

m 

o 

CM 

(ft 

l-» 

vt- 

r-4 

T-4 

VO 

CO 

r-l 

CM 

rH 

a) 

jj 

o 

O 

O 

o 

o 

o 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

O 

O 

O 

O 

o 

o 

o 

o 

o 

(ft 

O 

(ft 

o 

(ft 

(ft 

o 

o 

4ft 

o 

vO 

(ft 

ON 

(ft 

CO 

(ft 

4ft 

CM 

4ft 

CO 

r-l 

o 

m 

vO 

o 

m 

CO 

m 

r» 

r-4 

r-4 

CM 

CM 

CO 

CO 

m 

VO 

m 

vO 

f* 

m 

m 

vO 

1 

vO 

vO 

vO 

i 

1 

1 

CO 

i 

1 

1 

o 

f-l 

CM 

r-4 

o 

CO 

f- 

CM 

CO 

CM 

1 

co 

1 

r-4 

1 

1 

i>s 

m 

1 

O 

1 

o 

1 

CM 

ON 

r-l 

rH 

vO 

.  r-4 

CM 
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TABLE  IV-1 


i 


1 


Pump  Station 

Capacity  MGD 

Repl . 

$  Value  i 

1. 

Lake  Merced 

6.77 

.275  X 

10b 

■. 

2. 

Park  Merced 

Not  in 

Service 

:  ] 

3. 

Vicente 

1.29 

.100 

1 

4. 

Pine  Lake 

0.20 

- 

.035 

5. 

Pulton 

1.16 

.094 

) 

6. 

Sea  Cliff  #  1 

0.78 

.084 

■i 
■• 

7. 

Sea  Cliff  #  2 

0.90 

.078 

■  i 
1 

8. 

Richmond  Sunset  TP 

33 

.800 

] 

9. 

Marina 

?6.15 

.580 

i 

10. 

Hyde 

0.65 

.068 

I 

i 

11. 

Drumm 

12.36 

.400 

<• 

12. 

4th  St.  No.  Ch. 

16.75 

.580 

13. 

4th  St.  So.  Ch. 

j 

14. 

Palace  of  Fine  Arts 

.325 

.042 

i 

15. 

North  Point  T.P. 

190 

2.100 

16. 

Mariposa 

1.55 

.113 

. 

17. 

20th  St. 

0.78 

.070 

■i 

\ 

18. 

Tennessee  St. 

2.16 

.100 

i 

SI 

19. 

Hunters  Pt. 

1.74 

.120 

i 

20. 

Yosemite 

12.27 

.400 

4 

* 

21. 

South  East  T.P. 

70 

1.200 

< 

r 

22. 

S.E.  Booster  P.S. 

70 

1.200 



TOTAL 

8.439 

X  106  tl 

PAGE  10  OF  11 


;  4 


TABLE 


IV-1 


PROPORTION  OF  SLUDGE  FACILITIES 
RE:     NORTH  POINT  AND  SOUTH  EAST 


AVE  D.W.  FLOW 


S.E.  -  30  MGD 
N.P.  =  65  MGD 


33% 
67% 


($Mill) 

Item 

Contract  Cost 

Year 

33% 
S.E. 

67% 
N.P. 

N.P.  Sludge  Plant 

$4.7  Mill 

1951 

1.55 

3.15 

N.P.  Treat  Plant 

$8.7 

1951 

3.7 

S.E.  Treat  Plant 

$2.12 

1951 

2.12 

N.P.  Cross  Town  Sludge 
Force  Main 

$  .37 

1950 

.37 

N.P.  Eff./Infl. /Outfall 

$1.15 

1950 

1.15 

■ 
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WASTEWATER 
QUALITY  DATA 


WASTEWATER  QUALITY  DATA 

In  conjunction  with  wastewater  quality  discussed  in  Chapter 
IV  of  the  Comprehensive  Master  Plan  report,  monthly  average 
concentrations  taken  from  July  1969  to  June  1970  are  shown 
in  Tables  IV-7,  IV- 8,  and  IV-9  for  NPWPCP,  RSWPCP,  and  SEWPCP 
respectively.     The  concentrations  reported  on  these  tables 
are  for  suspended  solids,  BOD,  and  grease,  with  correspond- 
ing percentage  removals  and  flow  for  the  18  months  period. 

Utilizing  the  average  monthly  concentration  and  flow  data, 
the  pollutants  are  then  tabulated  in  terms  of  average  pounds 
per  day  as  shown  in  Tables  IV- 10,  IV-11,  and  IV- 12  for 
NPWPCP,  RSWPCP,  and  SEWPCP  respectively. 


TABLE  IV-7 


RAW  DATA  REPORTED  BY 
NORTH  POINT  W?C  PLANT 


AVERAGE 
MONTHLY 
•  FLOW 

SUSPEND 
SOLIDS 

ED 

B.O.D. 

(5> 

1 

GREASE 

MONTH 

c 

<v 

r-t  a 

<W  CJ5 
C  2 

M  v_/ 

4J 

c 

<a 

r-l  G 

U-l  O 
«W  2 
W 

4J 

c 

i— 1  ^ 

u-i  to 
C  6 

M  w 

•u 
C 

3  rH 
i-l  ""-^ 

m  to 

•o 

o 
> 
o 
E 

c 

3 

t-H 

<4-l  tO 

3  E 

M  **s 

13 

c 

3  r-4 
r-<  \ 

UH  to 
«w  £ 
W  w 

-a 

> 
o 
E 
<u 

4J 

c 

3  -c 

to 

3  E 
M  ^ 

jj 
c 

3  iH 
f— 1  *>s 

u-i  to 
IH  £ 
W  w 

T3 

O 
> 

o 

E 

o 

^  0  ^ 

6  ^  ~-4 

i 

July  69 

61.7 

60.4 

162 

74 

54 

242 

171 

29 

56.9 

32.3 

43 

Aug.  « 

61.5 

59.7 

221 

81 

63 

232 

158 

32 

61.9 

39.9 

36 

C  onf-  " 

61.3 

60.0 

160 

86 

46 

232 

174 

25 

53.3 

35.7 

33 

Oct.  " 

64.6 

62.9 

187 

87 

54 

235 

160 

32 

60.9 

36.3 

40 

INOV. 

61. 2 

59o7 

175 

81 

54 

198 

154 

22 

45.1 

31.8 

30 

Dec.  " 

72.6 

71.5 

147 

85 

42 

178 

141 

21 

38.7 

30.7 

21 

Ton  70 

81.4 

79.6 

114 

70 

39 

159 

124 

22 

34.4 

21.4 

38 

Feb.  " 

66.5 

65.2 

126 

76 

40 

185 

158 

15 

40.6 

31.7 

22 

Mar.  " 

63.7 

62.2 

135 

74 

45 

195 

166 

15 

41.3 

31.8 

23 

Apr.  " 

59.1 

58.2 

154 

68 

56 

230 

188 

18 

50.2 

33.1 

34 

May  " 

57.8 

55.9 

187 

72 

61 

257 

157 

39 

59.5 

28.1 

53 

June  " 

60.8 

59.4 

136 

75 

45 

235 

163 

31 

46.0 

27.1 

41 

July  " 

59.8 

58.3 

163 

69 

58 

236 

149 

37 

56.0 

26.5 

53 

Aug.  "  (1 

>59.  8 

58.4 

165 

73 

56 

259 

162 

37 

54.8 

27.7 

49 

Sept." 

58.5 

57.0 

209 

66 

68 

300 

175 

42 

67.7 

25.8 

62 

Oct.  " 

63.9 

62.5 

216 

60 

72 

248 

138 

44 

62.1 

27.0 

57 

Nov.  " 

73.6 

72.3 

201 

70 

65 

230 

138 

40 

57.9 

29.7 

49 

Dec.  " 

76.5 

75.2 

175 

63 

56 

210 

133 

37 

70.0 

35.2 

50 

AVE. 

64.7 

63.3 

169 

73.9 

58 

226 

156- 

31 

53.2 

30.7 

42 

Min. 

57.8 

55.9 

114 

60 

39 

159 

124 

15 

34.4 

21.4 

21 

MAX<2) 

81.4 

79.6 

221 

87 

72 

300 

188 

44 

70.0 

39.9 

62 

(1)  Calculated  by  the  addition  of  1.4  MGD  to  the  effluent  flow.  < 

(2)  Minimum  and  maximum  figures  are  the  average  monthly  concentrations. 
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RAW  DATA  REPORTED  BY 
RICHMOND- SUBSET  WPCP 


TABLE  IV-3 


MONTH 


AVERAGE 
MONTHLY 
FLOW 


u 

c 
a 

r-i  Q 
M  ^ 


4J 

c 

r-l  Q 

<VI  O 


SUSPENDED 
SOLIDS 


c 

t-l  ^ 

4-1  CO 

C  E 


c 

r-l 

m  to 


> 
o 
e 


B.O.D. 


(5) 


4J 

c 

O  /-v 

«w  to 
c  e 


c 

O  ^ 

3  r-l 

r-l  ^ 

U-(  to 

u-i  E 

w  ^ 


> 

o 

E 

QJ 


GREASE 


c 

a)  /— % 

3  r-l 

r-l  --v. 

<4-l  CO 

C  £ 

M  ^ 


XJ 

c 

O  /-^ 
3  r^ 
r-l  ^ 

V-i  to 
m  E 


> 

o 

E 

5^ 


July  69 
Aug.  " 
Sept." 
Oct.  " 
Nov.  11 
Dec.  " 
Jan.  70 
Feb.  " 
Mars  " 
Apr.  " 
May  " 
June  " 
July  11 
Aug.  " 
Sept." 
Oct.  " 
Nov.  " 
Dec.  " 


(1) 


19.5 
19.8 
20.1 
16.7 
15.7 
17.4 
20.0 
19.5 
19.5 
19.3 
39.5 
19.8 
20.1 
20.0 
20.6 
20.9 
21.3 
24.7 


191 

183 

172 

166 

157 

129 

111 

132 

139 

160 

157 

164 

154 

165 

168 

156 

153 

112 


65 
60 
61 
58 
52 
55 
54 
52 
56 
62 
55 
51 
52 
60 
60 
57 
58 
57 


66 
67 
65 
65 
67 
57 
51 
61 
60 
61 
65 
69 
66 
64 
64 
63 
62 
49 


200 
193 
183 
187 
194 
179 
161 
187 
189 
195 
188 
186 
179 
179 
186 
201 
187 
142 


146 

140 

137 

134 

134 

132 

117 

133 

138 

135 

140 

141 

137 

136 

135 

142 

127 

109 


27 

27 

25 

28 

31 

26 

27 

29 

23 

31 

25 

24 

23 

24 

23 

29 

32 

23 


48 
46 
46 
52 
46 
38 
40 
49 
41 
45 
47 
45 
47 
47 
48 
45 
41 
36 


39 
38 
36 
38 
35 
33 
35 
36 
35 
37 
38 
37 
40 
38 
38 
36 
34 
29 


19 
17 
22 
27 
24 
13 
13 
27 
15 
18 
19 
18 
15 
19 
21 
20 
17 
19 


AVE . 


(1) 


19.7 


154 


57 


63 


184 


134- 


27 


44.8 


36.2 


19 


Min. 


(2) 


15.7 


111 


51 


49 


142 


109 


23 


36 


29 


13 


MAX<2) 


24.7 


191 


65 


69 


201 


146 


32 


52 


40 


27 


(1)  From  Brov.-n  &  Calc!\7ell  study  of  the  RSV^PCP;  the  influent  flow 
averaged  0.4  MGD  greater  than  the  effluent,  during  dry  veather. 

(2)  Mtniutfra  and  T^:d.v;um  figures  arc  the  average  monthly  concentration; 
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TABLE  IV 


RAW  DATA  REPORTED  BY 
SOUTHEAST  WPC  PLANT 


AVERAGE 
MONTHLY 
FLOW 

SUSPENDED 
SOLIDS 

B.O.D. 

(5) 

GREASE 

MONTH 

Influent 
(MGD) 

Effluent 
(MGD) 

u 

c 

3  r-4. 
i-l  ^ 

M-l  CO 

C  E 

M  ^ 

Effluent 
(mg/1) 

7. 

Removed 

Influent 
(mg/1) 

Effluent 

Removed 

4-1 

c 

i— <  ^ 

U-i  to 
C  E 

4J 

C 

r—i 

14-1  t0 

<U  £ 
W  w 

T3 

> 

o 

5->  .-. 

July  69 

(1) 

18.8 

486 

281 

42 

278 

179 

36 

161 

74 

54 

Aug.  " 

18. A 

390 

190 

51 

259 

184 

29 

109 

68 

3S 

Sept." 

18.5 

373 

255 

32 

265 

193 

27 

104 

77 

26 

Oct.  " 

18.8 

398 

228 

43 

217 

176 

19 

98 

68 

31 

Nov.  " 

18.2 

587 

260 

56 

284 

144 

49  :", 

145 

69 

52 

Dec.  " 

20.2 

430 

212 

51 

237 

124 

48 

122 

56 

54 

Jan.  70 

18.3 

304 

149 

51 

221 

99 

55 

116 

50 

57 

Feb.  " 

21.9 

331 

283 

15 

246 

132 

46 

129 

76 

41 

Mar.  " 

19.1 

320 

222 

31 

245 

152 

38 

138 

86 

.39 

Apr.  " 

18.6 

300 

173 

42 

244 

160 

34 

126 

65 

48 

May  " 

18.3 

300 

174 

42 

248 

132 

47 

115 

53 

54 

June  " 

20.3 

286 

168 

41 

194 

126 

35 

104 

54 

48 

July  " 

21.1 

318 

171 

46 

233 

154 

34 

110 

54 

51 

Aug.  " 

20.3 

314 

162 

48 

238 

186 

22 

116 

56 

52 

Sept." 

21.6 

353 

236 

33 

387 

240 

38 

130 

76 

42 

Oct.  " 

21.8 

369 

261 

29 

250 

215 

14 

123 

74 

40 

Nov.  " 

22.5 

276 

210 

24 

200 

178 

11 

88 

58 

34 

Dec.  " 

24.3 

235 

188 

20 

150 

134 

11 

64 

49 

23 

AVE. 

(1) 

20.1 

370 

212 

43 

244 

162- 

34 

117 

65 

4': 

Min.<2) 

18.2 

235 

149 

15 

150 

99 

11 

'64 

49 

JL 

KAX<2) 

24.3 

587^ 

283 

56 

387 

240 

55 

161 

86,  '> 

57 

(1)  From  Brown  &  Caldwell  of  the  Southeast  WPCP  Study  the  influent 
flow  averaged  0.9  MGD  less  than  the  effluent  flow,   during  dry 
weather 

(2)  Minirnuni  and  nardiaum  figures  are  the  average  monthly  cor.ce-.ntr.:- 


TABLE 


IV-10 


MONTH 


July  69 
Aug.  " 
Sept.  11 
Oct. 
Nov. 


Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


70 


AVE, 


AVERAGE  DAILY  RAW  DATA  REPORTED  BY 
NORTH  POINT  WPC  PLANT  ( lbsxlQ-Vday) 


AVERAGE 
MONTHLY 
FLOW 


u 
C 
v 

C  2 


61.7 

61.5 

61.3 

64.6 

61.2 

72.6 

81.4 

66.5 

63.7 

59.1 

57.8 

60.8 

59.8 
( 

59.8 
58.5 
63.9 
73.6 
76.5 


64.7 


e 


W 


3) 


60.4 
59.7 
60.0 
62.9 
59.7 
71.5 
79.6 
65.2 
62.2 
58.2 
55.9 
59.4 
58.3 
5S.4 
57.0 
62.5 
72.3 
75.2 


63.3 


SUSPENDED 
SOLIDS 


u  © 

C  iH 

0) 

3  X 

r-* 

»w  en 

C  jo 


83.4 

103.0 
81.7 

102 
89.4 
89.0 
77.4 
75.4 
71.7 
75.9 
90.1 
68.9 
81.2 
82.2 

102 

115 
123 

112 
91.1 


TO 
*->  O 

C  r-i 

cj 

3  X 


U-l  CO 
«4-l  .O 


37.3 
40.4 
43.0 
45.6 
40.4 
50.6 
46.4 
41.3 
38.4 
33.0 
33.6 
37.1 
33.6 
35.6 
31.4 
31.2 
42.2 
39.5 


39.0 


B.O.D. 


J-i  O 

C  r-l 

CJ 

3  X 
r-i 

IH  CO 
M  », — I 


t>*> 


124 
119 
118 
127 
101 
108 
108 
102 
104 
113 
124 
119 
118 
129 
146 
132 
141 
134 


122 


•u  o 

CJ 


C3 


CH  CO 


86.3 
78.7 
87.0 
84.0 
75.7 
84.0 
81.0 
85.9 
86.1 
91.2 
.73.2 
80.7 
72.5 
78.9 
83.2 
71.7 
83.2 
83.5 


82.4 


GREASE 


XJ  o 
C  H 

U-l  CO 


CO 


29.2 
31.8 
27.2 
32.8 
23.0 
23.4 
23.3 
22.5 
21.9 
24.7 
28.7 
23.3 
27.9 
27.3 
33.0 
33.1 
35.5 
44.6 


28.7 


u  o 

C  iH 

CJ 

3  X 
.-i 

«W  to 


16.3 
19.9 
17.9 
19.0 
15.8 
18.3 
14.2 
17.2 
16.5 
16.1 
13.1 
13.4 
12.9 
13.5 
12.3 
14 . 1 
17.9 
22. 1 
16.2 


CALCULATED  BY  ADING  1.4  MGD  TO  THE  EFFLUENT, 


TABLE  IV-11 


MONTH 


July  69 
Aug.  " 
Sept.  " 
Oct. 
Nov. 


Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 
AVE. 


70 


RAW  DATA  REPORTED  BY 
RICHMOND-SUNSET  WPC  PLANT  (Ibsxl03/day) 


AVERAGE 
MONTHLY 
FLOW 


<M 
C 

01 

i-i  O 
M  w 


CD 


(1) 


c 

r-l 

4-1 
4-1 

w 


19.5 
19.8 
20.1 
16.7 
15.7 
17.4 
20.0 
19.5 
19.5 
19.3 
19.5 
19.8 
20.1 
20.0 
20.6 
20.9 
21.3 
24.7 
19.7 


SUSPENDED 
SOLIDS 


4J 
C  rH 

0) 

r-l 


31.5 
30.8 
29.4 
23.6 
21.0 
19.1 
18.9 
21.8 
23.0 
26.2 
25.9 
27.6 
26.3 
28.0 
29.4 
27 . 6 
27.  S 
23.4 
25.8 


' (1)  FROM  BROWN  &  CALDWELL 
DURING  DRU  WEATHER 


•u  o 
C  .-i 


u-i  .o 


10.5 
9.9 

10.3 
8.1 
6.8 
8.0 
9.0 
8.4 
9.1 
(0.0 

8.9. 

8.4 

8.7 
10.0 
10.3 

Q  o 

10.3 
11.7 
9.4 


B.O.D. 


■u  o 

r-l 

4-4  C/5 


•a 


33.0 
32.4 
31.3 
26.6 
26.0 
26.5 
27.4 
30.8 
31.2 
32.0 
31.0 
31.2 
30.6 
30.4 
32.6 
35.6 
33.8 
29.7 
30.7 


j-»  o 

C  r-l 

<D 

V>  X 
(— I 

u-i  o 

4-1  ,jQ 

w 


N 


T3 


23.6 
23.1 
23.0 
18.6 
17.6 
19.1 
19.7 
21.6 
22.4 
21.8 
.22.7 
23.2 
23.0 
22.7 
23.2 
2 '.7 
22.6 
22.4 
22.0 


GREASE 


CO 

w  o 

C  i-* 

<u 

P  X 

rH 

14-1  V) 

C  .Q 


7.9 

7.7 

7.9 

7.3 

6.2 

5.6 

6.8 

8.1 

6.8 

7.4 

7.8 

7.6 

8.6' 

8.0 

8.4 

8.0 

7.4 

7.5 

7.5 


co 

u  © 

C  r-l 

<u 

3  X 
r-l 

u-i  ,o 


"0 


6.3 
6.3 
6.0 
5.3 
4.6 
4.8 
5.8 
5.8 
5.7 
6.0 
6.2 
6.1 
6".  7 
6.3 
6.5 
6.3 
6 . 1 
6.0 
5.9 


INFLUENT  AVERAGED  0.4  MGD  GREATER  THAN  THE  EFFLUENT 


I 


TABLE  IV- 12 

■wwrriii ■mrwitin&k.txr.  - 


MONTH 


July  69 
Aug.  " 
Sept.  " 
Oct. 
Nov. 


Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 
AVE. 
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AVERAGE  DAILY  RAW  DATA  REPORTED  BY 
SOUTHEAST  WPC  PLANT  (Ibsxl03/day) 


AVERAGE 
MONTHLY 
FLOW 


u 
c 

0> 

r-l  Q 

m  o 
C  X 


(1) 


(1) 


c 

0) 
3 

Iw  6 
W  ^ 


18.8 
18. A 
18.5 
18.8 
18.2 
20.2 
18.3 
21.9 
19.1 
18.6 
18.3 
20.3 
21.1 
20.3 
21.6 
21.8 
22.5 
24.3 
20.1 


SUSPENDED 
SOLIDS 


4JL  O 
01 

3  X 
I— I 

iw  n 


a 
-a 


72.4 
56.5 
54.5 
59.4 
84.5 
68.8 
43.8 
57.9 
48.3 
44.1 
43.5 
46.0 
53.4 
50.5 
60.6 
64.2 
49.4 
45.6 
58.9 


■u  o 

C  r-l 

a 

3  X 
r-l 

<4-l  .D 


T3 


44.1 

29.1 

39.3 

35.2 

39.5 

35.6 

22.6 

51.8 

35.3 

26.8 

26.6 

28.4 

30.1 

27.4 

42.5 

47.6 

39.2 

38.0 

35.4 


B.O.D. 


■u  o 
c  r-l 

3  X 


3  rO 


41.4 
37.6 
38.7 
32.3 
40.9 
37.9 
31.8 
43.0 
37.0 
35.9 
36.0 
31.2 
31.2 
38.3 
65.5 
43.5 
35.8 
29.1 
38.8 


u  o 

C  r-l 

O 

3  X 

r-l 

y-i  tn 

<4-l  ,o 


*0 


(1)  FROM  BROWN  &  CALDWELL  REPORT  THE  INFLUENT  IS 


28.1 
28.2 
29.8 
27.6 
21.9 
20.8 
15.1 
24.2 
25.2 
24.8 
.  20.2 
21.3 
27.1 
31.4 
43.2 
39.1 
33.2 
27.0 
27.1 

0.9  MGD 


GREASE 


CO 

u  o 

C  r-l 

O 

3  X 
r-l 

U-t  (0 

C  rO 


T3 


24.0 
15.8 
15.2 
14.6 
20.9 
19.5 
16.7 
22.6 
20.8 
18.5 
16.7 
16.7 
18.5 
18.7 
24.1 
21.4 
15.8 
12.4 
18.6 


o 

C  r-l 

V 

3  X 

r-l 

m  w 

W.rH 


11.6 
10.4 
11.9 
10.7 
10.5 
9.4 
7.6 
13.9 
13.7 
10.1 
8.1 
9.1 
9;5 
9.5 
13.7 
13.  5 
10.8 
9.9 
10.8 


LESS  THAN  THE 


WET  WEATHER 
WASTEWATER  LOADS 


1 


WET  WEATHER  WASTEWATER  LOADS 


With  reference  to  mass  emission  data  presented  in  the  Com- 
prehensive Master  Plan  report,  the  pollutant  emissions  for 
the  "due  to  storm"  flows  were  developed  using  the  following 
equations,  illustrated  graphically  in  Figure  IV- 22: 

a)    YG0D  =        12  d)    Y0PP  =  0.10 

0.01  +  i  0.01  +  i 

t>)    YTSS  =        24  e)    YheM  =  2.10 

0.001  -:•  i  0.10  +  i 

c)    YTN  =      0-60  f)    YFM  =  0.24 

0.01  +  i  0.01  +  i 

Where:    Y  =  mass  emission  coefficient  (lbs/acre) 
i  =  mean  run-off  due  to  storm  (inches) 

In  the  development  of  the  mass  emission  data,  the  time 
period  in  consideration  was  from  July  1969  to  June  1970. 
Table  IV- 20  shows  the  1969-70  rainfall  year  while  Table 
IV- 21  shows  the  average  year  based  upon  30-years  of  record. 
Values  obtained  using  the  above  mass  emission  equations 
as  applied  to  the  volume  of  rainfall  that  occurs  during  any 
one  day  is  tabulated  in  Table  IV- 22. 

Realizing  that  the  start  and  end  point  of  a  storm  are  dif- 
ficult to  define,  the  24-hr.  rationale  can  be  utilized  to 


approximate  a  year's  mass  emissions.    Values  were  developed 
and  tabulated  in  Table  IV-23  in  an  attempt  to  eliminate  some 
of  the  very  obvious  incongruities  of  the  24-hr.  limit.  WhUe 
these  values  are  arbitrary  and  should  be  subject  to  further 
study  and  revision,  they  are  considered  adequate  for  pur- 
poses of  approximation  of  the  year's  mass  emissions. 

Another  set  of  mass  emission  figures  was  developed  using  a 
computer  analysis  of  the  last  62  years  of  rainfall  records 
from  the  F.O.B.  raingage.     This  approach  assumed  that  over- 
flows occurred  for  rainfall  greater  than  0.02  iph  and  the 
events  were  summarized  in  that  fashion.     There  was  an  aver- 
age of  82  events  per  year  with  a  duration  of  2.5  hrs.  and 
an  equivalent  rainfall  of  0.17  inch.     Table  IV- 24  shows  the 
results  obtained  in  this  manner.     Since  this  data  represents 
the  fraction  overflowing  (e.g.  the  amount  exceeding  0.02 
iph  rate) ,  it  is  equivalent  to  68%  of  that  amount  shown  on 
Tables  IV-23  and  IV-24.     This  is  based  upon  the  historical 
incidence  of  rainfall  rates  shown  in  Table  IV-25. 

The  range  of  comparative  annual  "due  to  storm"  emissions 
calculated  by  using  the  different  methods  above  is  shown  in 
Table  IV=26. 


I 


The  data  presented  in  Table  IV- 22  by  the  second  method  is 
most  consistant  with  the  method  which  the  emission  coeffi- 
cients were  derived.     Therefore,  it  will  be  used  as  the  basis 
for  comparison  of  dry  weather  emissions  to  wet  weather  emis- 
sions o     The  following  ratios  of  COD:     BOD  were  used  to  scale 
the  dry  weather  BCD  values  to  equivalent  COD  values:  NFJPCP, 
2.5:  1;  5EWPCP,  2C9:  1;  RSWPCP,  2.8:  1„ 


FIGURE  IV-22 


monthly  rainfall  Nummary 

(July  1969  -  June  1970) 


Month  Year 

July  1969 

August  " 

September  n 

October  " 
November 
December 

January  1970 

February  " 

March  " 
April 
May 

June  " 


Precipitation 
(Inches )  

.0 

.0 

.01 
2.61 
0.45 
6.15 
7.81 
1.56 
1.56 

.06 

.03 
0.57 


July  1969  to  June  1970 


20.  81 


TABLE  IV-21 


MONTHLY  RAINFALL  AVERAGES 
1931  -  1970 
REFERENCE :     U.S.  WEATHER  BUREAU 


MONTH 

PRECIPITATION  IN  INCHES 

AVERAGE 

MINIMUM 

MAXIMUM 

JULY 

0.01 

0 

0.06 

U«  U  j 

u 

SEPTEMBER 

****  A-J  A    J»          mt/0  JUJ  JL* 

0.27 

0 

2.06 

OCTOBER 

0.96 

0 

5.51 

NOVEMBER 

2.40 

0 

6.44 

DECEMBER 

4.31 

0.82 

11.47 

JANUARY 

4.89 

1.00 

10.69 

.  FEBRUARY 

3.58 

0.04 

10.06 

MARCH 

3.00 

0.07 

7.05 

APRIL 

1.53 

0 

5.47 

MAY 

0.64 

0 

3.19 

JUNE 

0.16 

0 

1.42 

TABLE  IV-22 


MASS  EMISSIONS  DUE  TO  STORM 
JULV  12>G9  TO  JUME  l?>70 


DAT  P.  OP 
STORM 

RUSvJOFF 
INCHES 

MASS  EMISSIONS  DUr:  TO  STORM  (Ik 

*  lO5) 

(JULYNS9 
TO  vJUN'70) 

COD 

TSS 

TK1 

GPP 

PM 

SEPT. 

6 

o.  oo~[ 

121 

511 

602 

1. 01 

2-41 

OCT. 

0 ,  ©45  ... 

140,  ' 

511 

12.00 

loo 

"16-00 

419 

lO 

0-02.5 

519  . 

15. IO 

1.18 

25-50 

5-14 

14 

©045 

24* 

511  ... 

12.00 

1.00- 

(6-00 

.   4  19, 

  15 

I  -4<^0 

5*5: 

\4.6© 

1.41. 

46-00 

:  5-81 

16 

e.o*>3 

215 

568 

11.20 

li.lO 

4.49 

NOV. 

s>_ 

o  ■  zio 

151  \\ 

58V 

14.(0 

37.40. 

5.66 

6 

C  .©26 

t95  . 

558:.: 

_  916> 

:_"  T65 . 

8-54- 

5.50 

7 

©0O1 

511 

661 

1.6! 

3-3<5 

2-41 

0-360_ 

2.85 ::; 

554 

14-20 

1.51 

4O.I0? 

5-1o 

5 

o.ooi 

121 

51V 

.  £.01* 

l-0>l 

5-35  - 

2-41 

0-456 

151 

594 

1 4. So 

1-55 

42.00 

6-13 

n 

0.065 

Z54  . 

511 

la.io 

1.11 

20  20 

5- 06 

ill 

cow;: 

146-;: 

515 

12.50 

1-04 

17-50 

4-51 

i          ...  13 

COOT 

121 

.511 

:  6.02 

l-0\ 

3-35 

1.41 

:ts 

0. 150 

5-15.. 

581  : 

1510 

2.2*5 

50. TO 

5-49 

::..\9  . 

0-351 

165  ...... 

584 

14-20 

.2-51 

39.90 

5-65 

20 

2*51. 

555 

14.50 

T2-41 

45.20 

5-80 

2.1 

o-42<?  ; 

2ftto__ 

594 

14. 4e 

2.55 

41-60 

5-15 

2b 

0<  065 

254 

511 

.  u.io 

2.11 

20.20 

E>08 

14 

0.299  ~ 

165 

594 

14-20 

2.51 

36-40 

5-fcl 

25 

0-  IV! 

215 

551 

15.60 

2-2.1 

15-60 

5-45 

.7 

o.  020: 

145  ~ 

658 

9-16 

1-63 

8-55 

5.9o 

8 

©.  in 

210 

515 

15-  60 

2.25 

17-10 

5- 42 

9 

c.3i\ 

155 

684 

14.20 

1.51 

40-40 

5-1o 
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TABLE  IV-22 


MASS  EMISSIONS  DUE  TO  STORM 
dULV  ie><se  TO  JUNE  t*2>70 


DATE  OP 
STORM 
(JULYS69 
TO  JUN'70) 

RUN-OFF 

INJ  - 

INCHES 

MASS  EMISSIONS  DUE  TO  STORM  (Ite/rctO*) 

COD 

TSS 

TW 

OPP 

R/l 

JAM.  \0 

0.  091 

164 

2.10 

24. 4e 

5  .  Z£ 

11 

O.  260 ... 

182 

$$3 

:  14-10 ... 

2. 35 

3*1-00 

5.64 

11 

0  Old 

Ml 

564 

t15 

lO.Gtf 

4  23 

13 

o\*>o  . 

V13  ... 

581  ... 

.1.3.10 

2.1& 

30.1O. 

549 

14 

o.tk 

1*9 

553 

14.40 

2-42 

45-30. 

S-lft" 

\h 

131 

584 

14-30 

2.39 

4sS.|0 

5-15 

I6> 

0.  416 

106. 

584 

I4~>© 

136 

40-4o 

5-1© 

 n 

.1  0.026 

in 

5^4 

|0-60 

M«5 

tO-60 

4.Z3 

19 

0.011 

251 

51 S 

|2.«90 

1.14 

21 .40 

5-13 

 lo 

0-920 

le© 

585 

I4.60 

L43> 

46. 20 

5-19 

2.1 

0-530 

58£ 

»4.4o 

2.4o 

4*J>.8o 

3-1fc 

o.  013 

544. 

&  IT 

\-3g 

5-69 

5-31 

1* 

0.-520 

104 

584 

(4. 20 

l.-bl 

39-00 

3-1o 

14fc> 

51  & 

12.3<? 

2.04  . 

17-50 

4-91 

n 

;.. 

Z€»4  .'. 

_5&4  . 

.  14,20 

131 

39-00 

5-"[o 

0  001 

12.1 

.611 

6.02  _ 

\>o\ 

3--J5 

2.41 

 i 

30 

0-  013 

.  166 

54* 

£.21 

.1-38 

5-89 

3-31 

0.01*3 

!&6 

544 

8-21 

F3S" 

5- fee 

3-31 

FEB.  1 

0-001 

1 2l 

&a 

6- 02 

\>6\ 

3-*"? 

l.4>\ 

  9 

0.026> 

5*4- 

10-£<? 

115 

10  -60 

4.23 

..: .__  ::r  iz 

0  130 

581 

l3>-60 

1-21 

29.00 

5-44 

r..  ]3 

0*63 

154 

511 

12-10 

1.12 

20.20 

50& 

.— .  16 

0-384 

185 

584 

I4-30 

z-*8 

4«-lo 

5  -11 

n 

0.013 

\hh 

544 

6.21 

1-58 

5-89 

3.31 

n 

0.  104 

v+\ 

5Bo 

|i-40 

1.23 

16.10 

534 
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TABLE  IV-22 


MASS  EMISSIONS  DUE  TO  STORM 

JULV  I2>ae  TO  JUKJE  t«3>70 


pate,  or- 

STORM 

(JULY\S3 
TO  viUN'70) 

RUNOFF  • 

MA9&  EMISSIONS  DUE  TO  STORM  (lb&.*lO*0 

it«j  - 
INCHES 

COP 

TK1 

OPP 

FEB..  Ife 

5*4 

(4>iO 

MAR-  1 

»4v :_. 

eat:; 

i^.-i© 

5-4T 

*> 

IVY 

5&»4 

10.*© 

4. 13 

4 

545 

14.4* 

iv4t:. 

_45.i«»; 

5.18 

 1 

9.  Olb 

5*+ 

l©.£0 

4.  %*> 

<5 

*  .^39 :." 

IM© 

1-94 

14-4© 

4.  £,6, 

14 

o  _ 

I&5 

544 

1-3* 

.5.  £9 

3,31 

APR.  13 

_  12,1 :;_ 

51* 

.6.  *5 

_.  Mr 

3-35 

.1.41 

\°> 

l<?5 

«35£ 

26 

16.  <9 

544 

5.S9 

3- 31 

MAY  13 

c  • 

5&& 

l<2>3 

ft  54 

2>-9© 

JUUE 

0.311. 

t94 

504 

14,*© 

5  *S 

0- 

5>1fr 

;  11,5© 

•3U&.T0T/ 

FROM 

JULY_  ■ 

ro  pe-c. 

f   

«34:: 

4»>.a 

544 

&UI£~WA 

L  PROM 

JAM.  T 

D  JUME 

l^-JO  :  * 

<  

(41  STORMS,) 

7550_ 

W14„ 

U944 

41 B 

ne-4 

92.1 

€»RAKlp  T< 

>TAU  PRC 

VI  .JUL* 

r  • 

■o  juMb 

I46C8. 

14o 

^3 

I4&S 

2.96 
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TABLE  IV-23 


ACTIVITY    OR  IE  KIT  ED 
CORRECTIONS  TO   TABLE  W-22 


Ci 

DATG  OP 
l  L?  i- 1  ivi 

TO  JUNT70) 

RUNJOFF 

MAS»£»  EMISSIONS  DUE  TO  STORM  (lbs».x  10s) 

INCHES 

COD 

TS3> 

IN 

^\  f^*. 

OPP 

HEM 

Fr/l 

1 

OCT-    1 4- 

0.  oo"\ 

111 

6*3 

2.41 

.  1 

14.  SO 

141 

I 

0.2fc0 

2M. 

14- 

5.&4 

_% 

NOV-  £• 

0  0Ks> 

2-tl  .  . 

_t0..60 

_.4.2* 

...  lO 

0-  3fc4 

:: 

14*0 

*or\o 

Ml 

0.04& 

2«p 

iv*0 

PRC  •  12.  . 

0*91  _ 

1320 

&2fc 

4 

pe-c...  lg> .... 

...  0!**^ 

: 

it  .2.0 

_  1^. "la 

4.4*9 

4- 

PE-C  |<) 

0.45S> 

\4 

42-00 

>* 

1-6*1. 

14-60 

t.4fc 

4&-5* 

"* 

0*26 

2.11 

56* 

10-60 

4-2* 

— « 

iipe-c:  if ._. 

...  0-3$ft  :: 

:ifc4 

14-2* 

i;sn 

JAhi.  g> 

0.111  •— 

26<5 

13-4* 
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TABLE  1V-73 


ACTIVITY  OR1EWTED 
CORRECTIONS  TO   TABLE  W-22 
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TABLE  IV-25 


ACTIVITY  ORlEKiTED 
CORRECTIONS  TO    TABLE  IV-22 
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TABLE  IV-24 


DUE  TO  STORM  COMBINED  SEWER  EMISSIONS 
(BASED  UPON  62-YEAR  RECORD) 


CONSTI- 
TUENT 

POUNDS 
PER  EVENT 

POUNDS  PER  YEAR 
(82  EVENTS) 

COD 

2.7  x  105 

22,000  x  103 

TSS 

5.8  x  105 

47,500  x  103 

TN 

1.3  x  104 

1,070  x  103 

OPP 

2.2  x  103 

180  x  103 

HEM 

2.7  x  104 

2,200  x  103 

FM 

5.4  x  103 

440  x  103 

I 


TABLE 


TREATMENT  RATE  VS.  OVERFLOW 
6 2- YEAR  CLOCK  HOUR  RAINFALL  RECORD 


Treatment  Rate 
Equiv.  Clock  hour 
Rainfall  -  iph 


7.  of  Total  %  of  Total  No.  of  Hours 
Retained         Overf lowing      of  Overflow 


0.00 

0 

100% 

381 

0.01 

6 

94 

263 

0.02 

32 

68 

206 

0.03 

42 

58 

168 

0.04 

50 

50 

141 

0.05 

57 

43 

117 

0.06 

63 

37 

100 

0.07 

68 

32 

86 

0.08 

72' 

28 

72 

0.09 

75 

25 

62 

0.10 

'  78 

22 

53 

0.15 

88 

12 

27 

0.20 

94 

6 

14 

0.25 

97 

3. 

9 

0.50 

991- 

1~ 

0 

TABLE  IV-26 


COMPARATIVE  -ANNUAL  "DUE  TO  STORM"  EMISSIONS 
UNDER  EXISTING  CONDITIONS 


CONSTITUENT 

EMISSIONS      (lbs  x  103) 

RANGE 
RATIO 
(HIGHEST 
TO  LOWEST) 

METHOD  1 
1969-70 
(1) 

METHOD  2 
(2) 

6 2- YEARS  OF 
RECORD 
(3) 

COD 

10,000 

9,200 

22,000 

2.40  :  1 

TSS 

24,000 

22,000 

47,500 

2.16  :  1 

TN 

500 

460 

1,070 

2.32  :  1 

OPP 

84 

76 

180 

2.37  :  1 

HEM 

1,000 

890 

2,200 

2.47  :  1 

FM 

200 

180 

440 

2.45  :  1 

(1)  68%  of  Masses  from  Table  IV- 20 

(2)  68%  of  Masses  from  Table  IV- 22 

(3)  Masses  from  Table  IV- 24 


THE  EFFECTS  OF  STORMWATER  RETENTION  BASINS 
UPON  STORM  FREQUENCIES  HANDLED  BY  A  COMBINED  SEWER  SYSTEM 

The  location  of  stormwater  retention  or  storage 
basins  in  any  particular  sewer  system  has  a  beneficial 
effect  on  the  available  downstream  conduit  transport  capa- 
city in  terms  of  the  return  frequencies  of  historical  rates 
of  rainfall  that  can  be  handled.    The  selection  of  storage 
basin  locations  within  any  stormwater  conveyance  system 
can  be  made  such  that  the  main  trunk  sewers  of  the  system 
downstream  of  the  basins  will  be  upgraded  with  regard  to 
the  equivalent  storm  frequency  of  runoff  that  may  be  con- 
veyed before  exceeding  the  sewer  capacity.    This  is  best 
illustrated  by  a  practical  example  of  the  use  of  storage 
basins. 

The  example  to  be  presented  herein  assumes  the 
following : 

1,    The  volume  of  storage  facilities  considered 
must  adhere  to  the  following  criteria: 
(a)    The  storage  volumes  utilized  shall  not  be 
less  than  1/2  million  cubic  feet;  this  re- 
striction stems  from  the  consideration  of 
economics  of  construction  of  such  basins. 


i 
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(b)    The  required  volume  for  storage  is  equiva- 
lent to  the  volume  of  runoff  derived  from 
1"  of  rainfall  on  the  contributing  fraction 
of  the  watershed  which  is  not  already  tribu- 
tary to  a  basin.    This  is  based  upon  the 
frequency  of  overflow  of  such  basins  which 
historically  would  occur  when  used  in  con- 
Junction  with  the  next  criterium. 

2.    The  evacuation  of  flow  out  of  storage  is  con- 
tinuous and  is  equivalent  to  the  rate  of  runoff 
from  a  steady  state  rate  of  rainfall  of  0.10 
in/hr.  from  all  upstream  tributary  areas.  This 
criterium,  in  conjunction  with  1(b)  above,  pro- 
vides a  storage  volume  which  historically  will 
overflow  only  one  time  every  five  years. 

3«    The  return  frequencies  of  rainfall  rates,  and 
rainfall  volumes  are  independent  random  occur- 
rences in  the  example  under  consideration. 

4.    The  rational  formula,  Q  =  CIA,  adequately  de- 
scribes the  relation  between  rainfall  and  runoff 
rate. 
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minutes  and  seconds  obtained  from  Figure  V-31  and  V-31A  and 
the  5-year  return  of  rainfall  rates.    These  conditions  apply- 
to  both  the  uncontrolled  situation  and  to  Alternative  1, 
shoreline  retention  only. 

Figure  ¥-310  and  V-31D  are  schematic  diagrams 
depicting  similar  conditions  for  Alternative  29  a  single 
upstream  basin  with  a  shoreline  basin.    Table  V-13  tabulates 
the  altered  flow  conditions  and  the  100  year  frequency  rates. 

Figure  V-32  is  a  schematic  lime  diagram  of  the  up- 
stream system  which  depicts  the  altered  situation  resulting 
from  the  integration  of  multiple  upstream  storage  basins 
into  the  system  under  Alternative  3.    The  flows  out  of  the 
storage  basins  have  been  indicated  and  the  nodal  times  of 
concentration  and/or  areas  adjusted  accordingly.  Figure 
V-32A  depicts  the  total  system  for  Alternative  3. 

Table  V-13A  is  a  summary  of  the  flow  conditions  at 
the  nodes  derived  from  the  conditions  depicted  in  Figure  V-32 
and  V-32A  and  the  100-year  rainfall  return  frequency  rates. 

Table  V-l4  is  a  comparison  of  5-year  flow  rates  to 
100-year  flow  rates  for  each  conduit  and  the  adequacy  of  the 
system  relative  to  5-year  flows  before  the  addition  of  basins 
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The  drainage  s5'-stem  utilized  in  this  demonstration 
is  the  Selby  sewer  system  serving  the  3763-acre  watershed 
located  in  the  southeast  section  of  San  Francisco  which  is 
a  combined  sewer  system. 

Three  alternative  retention  basin  systems  were  in- 
vestigated; Alternative  1,  which  has  only  one  shoreline 
retention  basin  serving  the  entire  watershed;  Alternative  2, 
which  has  one  single  upstream  basin  coupled  with  a  shoreline 
basin  together  serving  the  entire  water  shed,  and;  Alternative 
3,  which  utilizes  5  upstream  basins  and  a  shoreline  basin  to 
service  the  total  watershed.     Each  of  these  systems  will  meet 
the  design  criteria  stated  above.    There  are  however  signi- 
ficant differences  in  the  effects  of  each  alternate  upon  the 
watershed. 

Figure  V-31  is  a  schematic  line  diagram  of  upstream 
portion  of  the  system  which  depicts  the  outlet,  the  trunkline, 
three  major  branches,  9  major  junctions,   (hereinafter  referred 
to  as  nodes)  together  with  tributary  areas  in  acres,  times  of 
concentration  and  direction  of  flows.    Figure  V-31A  depicts 
the  total  system. 

Table  V-12  is  a  summary  of  the  flow  conditions  at  the 
nodes  derived  from  the  areas  and  times  of  concentration  in 
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under  each  Alternative.     This  example  illustrates  the  an- 
cillary benefits  in  terms  of  upgrading  the  system  capacity 
which  can  be  derived  from  the  usage  of  storage  facilities 
in  the  upper  reaches  of  a  combined  sewer  system  or  a  storm 
water  system  when  storage  is  required  to  control  overflows. 

The  procedure  for  calculating  the  values  in  Table 
V-13  are  as  follows: 

A.  Flows  derived  for  100-year  frequency  rainfall 
rates  were  calculated  for  conduits  downstream 
of  each  storage  basin  as  follows: 

Q100  (Total)  =  Qbox  +  kQ'5 
where  k  =  ratio  Iioo/*5>  simplified  in  this 
study  by  assuming  k  =  1.5  for  Tc  =  5  to  10  minutes 

k  =  1.6  Tc  =  11  to  20  minutes 

k  =  1.7         Tc  =  20  minutes 

andj 

Qtc;  =  CI' 5  (Original  Tributary  Area-Basin 
Intercepted  Area)  1'^  being  derived  using  a  Tc 
=  5  min.  +  run  time  from  basin  intercepted  area. 

B.  ^100  (Total)  of  the  reduced  tributary  area  is  com- 
pared to  for  "the  total  upstream  area  calculated 
in  Table  V-12  for  each  reach;  and 
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1.  if  ^100  is  -*-ess  than        then  proceed  to  next 
downstream  node; 

2,  if  ^100  is  greater  than        return  upstream 
and  intercept  a  larger  area  by  relocating  the 
retention  basin. 

C.    At  junction  points  of  major  branches: 

1.  The  greater  of  the  times  of  concentration  of 
flows  from  each  of  the  joining  branches  is 
used  when  going  out  of  the  node. 

2.  The  tributary  area  from  each  branch  extends 
to  the  nearest  basin  located  upstream. 

3.  Drainage  from  all  basins  upstream  is  added 
to  tributary  area  flow. 

Certain  assumptions  were  made  in  analyzing  the  Ale- 
many  system.    These  are  as  follows: 

(1)  Inlet  time  at  the  head-end  of  each  reach  equals 
5  minutes. 

(2)  Time  of  concentration  for  Q5_year  between  ar>y 
two  nodes  equals  time  of  concentration  for 
^100-year.    Tn^s  is  the  ideal  case  where  the 
basins  can  be  located  precisely  such  that  the 
conduits  are  flowing  full  with  Qioo-year. 
This  may  not  be  practical,  but  this  assumption 
will  result  in  conservative  flows  in  most  cases. 
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This  example  aptly  illustrates  the  potential  bene- 
fits to  the  conveyance  system  resultant  from  the  installa- 
tion of  retention  basins.     For  sewers  in  the  City  larger 
than  3!0,  it  is  estimated  that  the  total  cost  to  replace 
all  sewers  with  inadequate  capacity  in  this  size  range  is 
$77  x  10  m    The  cost  of  basins  will  be  offset  to  some  degree 
by  the  value  of  the  basin  in  terms  of  the  equivalent  costs 
of  installing  adequate  sewers  in  those  areas  where  inade- 
quacies now  exist.    All  conceptual  design  costs  will  be 
evaluated  with  regard  to  this  aspect. 

In  the  Selby  sewer  system  for  example,  there  are 
$22.5  million  worth  of  inadequacies.    The  following  summary 
illustrates  basin  and  sewer  inadequacy.    The/costs  in 
millions  of  1974  dollars  associated  with  each  alternative 
presented  in  this  example. 

Alt.l       Alt. 2    Alt. 3 

Cost  of  Shoreline  Basin  (Million)  $66.5      $40.0  $40.5 

Cost  of  Upstream  Basin(s)   (Million)  -  22.2  24.0 

Cost  of  Inadequate  Sewers  (Net )  (Million)  22.5         4.0      _  2  ._6 

Total  (^-Millions)  $89.0      $66.2  $67.1 

In  this  example  the  use  of  upstream  retention  results 
in  a  net  savings  in  total  costs  of  about  25  percent  (22  million). 
Further  the  cost  differences  between  multiple  upstream  basin 
are  negligible  with  the  slight  additional  basin  costs  for 
multiple  basins  being  offset  by  savings  in  sewer  system  re- 
placements for  inadequacies. 
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There  are  additional  differences  between  the  two  up- 
stream retention  systems  which  cannot  be  quantified  in  costs. 
For  example,  the  multiple  upstream  basin  system  upgrades  the 
conduit  capacity  of  more  of  the  existing  system  and  provides 
better  flood  control  as  compared  to  the  single  upstream  basin 
system.    The  use  of  multiple  basins  enchances  the  possibili- 
ties for  optimum  control  of  spacialiy  and  temporally  dis- 
continuous storm  occurrences.     Further  the  total  amount  of 
disruption  to  normal  surface  transportation  activities  will 
be  less  with  the  multiple  basin  system  due  to  the  reduction 
in  sewer  reconstruction  which  would  be  required.  Finally 
multiple  basins  provide  a  degree  of  standby  for  each  other  in 
case  of  component  failures. 

All  of  these  benefits  point  to  the  desirability  and 
perhaps  necessity  of  multiple  basin  systems  where  feasible. 
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FIGURE  V-3IA 
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FIGURE  V-3IB 
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FIGURE    V-31  C 
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FIGURE  V-32 
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FIGURE  V-32A 
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CATCHBASIN 
SURVEY 


catchbasin  survey 


Based  on  chemical  analysis  of  samples  taken  from  and 
observations  made  on  a  number  of  catchbasins  in 
different  areas  in  the  City,  it  was  pointed  out  in 
Chapter  IV  and  Chapter  V  of  the  Comprehensive  Master 
Plan  report  that  catchbasins  are  causing  a  major  in- 
fluence on  runoff  quality.     The  results  on  the 
physical  observations  undertaken  in  different  areas 
in  San  Francisco  are  tabulated  in  Table  V-20.  Figures 
V-20A  through  V-20F  show  the  areas  where  physical 
observations  were  made.     The  resultant  chemical  analys 
on  composite  samples  taken  from  different  groups  of 
catchbasins  is  summarized  in  Table  V-21.     Figures  V-35 
to  V-45  show  the  different  locations  where  the  catch- 
basin  samples  were  taken. 
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FIGURE  V-35 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-36 


LOCATION  OF  COMPOSITE  SAP'S PLE 
CATCHBASIN  STUDY  -  PfSACE  II 
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FIGURE  V-37 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PKACE  II 
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FIGURE  V-38 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-39 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 

40TH  a  MORAGA 

AREA  IDENTIFICATION 


ul 

> 

< 


id 


> 
< 


ul 

> 
< 


ul 

> 


2 


L-    A    vV  TOM 


8 
JH 


M    O    P\  A  (S 


9 


O        I   EG  A 


3 


1 

rO 


3T 


ul 
> 
< 


ul 

> 


ul 

> 
< 


Ul 
> 
< 


ul 

> 
< 


S  T 


10 


S  T 


O  if>  fO 
fO       (0        cO  ^ 


si 

rO 


s  c 


1200' 


L  E 


-8- 


1 

! 


FIGURE  V-40 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
WEBSTER  a  TURK 
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FIGURE  V-41 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-42 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-43 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-44 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-4S 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY  -  PHASE  II 
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FIGURE  V-46 


LOCATION  OF  COMPOSITE  SAMPLE 
CATCHBASIN  STUDY— PHASE  II 
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ESTIMATING 
THE  FACILITIES 


ESTIMATING  THE  FACILITIES 


General 

One  of  the  most  important  factors  that  must  be  considered 
in  the  selection  of  any  master  plan,  is  the  cost  of  the 
plan. 

In  order  to  develop  realistic  cost  figures  for  the  various 
components  of  the  envisioned  plans,  it  was  decided  to 
engage  consultants  with  an  expertise,  not  only  in  estima- 
tion of  facilities,  but  also  in  the  construction  thereof. 
This  was  done  to  insure  estimates  that  would  consider  the 
latest  construction  techniques  and  costs  for  the  many 
and  varied  field  conditions  existing  in  San  Francisco. 

The  major  facilities  in  the  proposed  plans  can  be 
classified  into  five  categories.    They  are: 

(a)  Retention  basins 

(b)  Pipe  conduits 

(c)  Treatment 

(d)  Tunnels 

(e)  Pump  Stations 


Each  of  these  components  must  be  estimated  with  considera- 
tion given  to  location  in  the  City  and  governing  construc- 
tion conditions  such  as  geology,  topography  and  water  table. 


In  order  that  plans  be  evaluated  on  a  comparative  and 
realistic  basis,  it  was  decided  that  all  estimates 
would  be  made  on  the  base  of  1974  dollars.     Each  of  the 
Consultants  retained  was  asked  to  estimate  facilities 
on  the  basis  of  1974  dollars  or  provide  1971  figures 
and  a  cost  escalation  factor  to  be  applied  to  them. 
A  description  of  the  development  of  the  cost  for  each 
of  the  categories  is  appropriate. 

Retention  Basins 

As  rainfall  rates  and  volumes  were  examined,  it  became 
obvious  that  storage  would  be  utilized  in  all  plans  to 
the  most  economically  managed  wet  weather  overflow.  Since 
the  basins  could  be  constructed  in  a  variety  of  locations 
and  to  a  multitude  of  shapes,  basic  unit  prices  would 
be  desirable  for  purposes  of  estimation.     The  end  result 
desired  would  be  a  set  of  curves  describing  the  re- 
lationship of  cost  per  cubic  foot  of  volume  versus 
volume.    The  method  to  obtain  the  desired  generalized 
curves  was  manifold  in  rating  progressing  generally  as 
follows. 

Estimates  for  each  basin  in  a  series  of  proposed  and 
varied  locations  throughout  the  City  would  be  obtained 
from  an  estimation  engineer  with  many  years  of  experience 


i 

I 


in  heavy  construction  in  San  Francisco.     Unit  prices, 
which  would  be  for  a  variety  of  sizes,  shapes  and 
locations,  would  be  extracted  from  the  estimates. 
The  extracted  unit  prices  would  then  be  used  to  esti- 
mate additional  basins  of  different  sizes  and  shapes 
in  geologically  similar  locations.    After  estimates 
were  made  on  additional  basins,  costs  per  unit  of 
volume  were  obtained  for  two  categories:     Basins  in  the 
low- filled  areas  where  there  was  a  water  problem,  and 
basins  in  upstream  areas.     Best  fit  curves  were  obtained 
by  the  use  of  the  computer  for  the  various  unit  volume 
prices. 

The  consultant  reviewed  schematic  drawings  and  made  a 
field  examination  of  each  tentative  site  and  based  upon 
his  many  years  experience,  developed  an  estimate  for  each 
basin.     Included  in  the  estimate  were  details  covering 
the  construction  method,  and  the  shoring  and  bracing 
required.    The  type  of  material  to  be  encountered  was 
considered  as  was  the  necessity  for  demolition, 
dewatering  and  the  use  of  tremie  concrete  to  prevent 
flotation. 


Included  in  the  pricing  were  estimates  for  the  particular 
type  of  bulkhead  needed,  the  quantity  of  excavation  and 
the  disposal  of  same,  the  need  for  piles  for  support,  the 


quantity  of  concrete  involved  including  estimates  of  top 
and  bottom  thickness  as  well  as  the  thickness  of  exterior 
and  interior  walls.    Additional  factors  included  were 
such  as  pavement  excavation  and  replacement ,  the  removal 
and  replacement  of  muni  or  railroad  tracks  and  the 
necessary  flagmen.    The  detail  was  carried  into  the 
necessary  formwork. 

The  unit  prices  were  extracted  from  these  estimates  which, 
according  to  the  consultant,  were  good  for  1971,  and  the 
costing  of  other  basins  proceeded.    After  a  substantial 
number  of  basins  were  estimated,  the  cost  was  determined 
for  each  and  escalated  to  1974  prices  by  7%  percent  per  year. 
Utilizing  the  computer  system,  the  best  fit  curves  shown 
as  Figure  V-56  were  developed  as  the  end  result  and  the 
basis  for  estimating  retention  basins. 

Pipe  Conduit 8 

Each  of  the  proposed  plans  involved  the  construction  of 
pipe  conduits  to  transport  flow.    The  unit  price  for  this 
work  was  developed  with  the  aid  of  the  same  consultant 
engaged  for  the  retention  basins.    One  of  the  studies 
involved  in  the  overall  master  planning  was  an  evaluation 
of  the  hydraulic  adequacy  of  the  sewer  transport  system. 
Tabulations  of  various  required  auxiliary  or  replacement 


sewers  were  sent  to  the  consultant  requesting  that  he 
develop  cost  estimates  for  the  work.     This  was  done, 
again  giving  consideration  to  the  geology  of  each  location. 
Unit  prices  were  supplied  for  excavation,  hauling  and 
disposing  of  material,  imported  material  for  backfill  as 
necessary,  piles,  concrete  cradle,  rock  base,  pavement 
breaking  and  replacement,  manholes,  Y's,  trench  support 
per  foot  of  depth,  and  pipe  costs.     The  unit  prices 
supplied  were  deemed  by  the  consultant  to  be  good  for 
1974  base  estimates.     Table  V-70  was  developed  for  the 
project  cost  per  foot  of  sewer  to  be  installed  at  the 
various  depths  and  conditions  noted.    The  project  cost 
was  derived  as  follows:     The  sum  of  the  individual  items 
was  obtained  as  shown  on  the  sample  sheet  (Table  V-71) . 
The  sum  was  increased  by  25%  to  include  the  contractor's 
overhead  and  profit.    This  figure  was  then  increased  by 
30%  to  include  contract  contingencies,  possible  extras, 
and  engineering. 

Treatment 


The  cost  graph  for  treatment  shown  on  Figure  V-53  was 
developed  using  the  basic  information  for  the  concrete  and 
earthwork  figures  from  the  basic  unit  prices  developed 


for  the  retention  basins  and  adding  mechanical  and 
electrical  estimates  for  the  required  equipment. 

The  cost  figures  are  for  individual  unit  processes  with 
the  exception  of  primary  treatment  which  was  developed 
for  a  complete  plant,  including  solids  handling.  The 
data  from  each  source  was  converted  to  a  common  basis , 
if  possible,  based  on  parameters  such  as  overflow  rates, 
application  rate  or  regeneration  loss  to  attain  equivalent 
size  comparisons.    The  cost  for  each  equivalent  size 
was  updated  to  an  Engineering  News  Record  (ENR)  Construc- 
tion Cost  Index  of  1700  and  then  escalated  by  7*j/year 
to  1974  costs.     The  1700  level  is  expected  to  be 
attained  in  San  Francisco  during  1971,  as  the  construction 
costs  index  in  May  1971  was  1687. 

To  attain  the  cost  of  a  secondary  treatment  stage  beyond 
primary  treatment  the  cost  of  each  process  must  be  added 
to  the  primary  treatment  cost  to  reach  the  secondary  treat- 
ment level.  The  costs  of  solids  treatment  would  have  to 
be  added  to  dissolved  air  filtration  process  and  to  the 
coagulation  sedimentation  process  if  they  are  to  be  used 
as  primary  treatment  processes. 


Tunnels 


Because  tunnels  will  provide  the  major  transport  media 
for  the  large  masses  of  flow  and  because  the  San  Francisco 
geology  is  varied  and  semi-unique,  it  was  decided  to 
retain  a  consultant  to  develop  cost  estimates.     The  con- 
sultant chosen  has  over  30  years  experience  in  the  super- 
vision and  estimating  of  heavy  construction  projects, 
especially  underground  facilities. 

The  consultant  was  asked  to  provide  specific  cost  estimates 
for  tunnels  in  various  areas  of  the  City  as  shown 
schematically  on  a  map  of  the  City.     Underground  geologic 
information  was  provided  from  a  series  of  well  log  data 
developed  for  old  water  wells  throughout  the  City.  Also 
provided  was  a  map  showing  the  fault  zones  in  San  Francisco 
as  prepared  for  the  City  in  a  previous  report.  The 
consultant  prepared  the  estimates  in  the  same  manner  as 
for  a  contract  bid  price  utilizing  1971  dollars  and  a 
7%  percent  per  year  escalation  factor. 

It  was  considered  that  there  were  seven  basic  formations 
and  invironments  that  must  be  considered  when  tunneling. 

A.  Sandstone 

B.  Sand,  common  and  sandstone 

1)     Bechtel,  1970  Pref easibility  Study,  Sewer  Tunnel  Project. 
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c. 


Chert,  basalt,  and  serpentized 
peridotite 


D. 


Sandstone,  fault  zone 


E. 


Sand 


F. 


Chert,  basalt,  serpentized 
peridotite,  fault  zone 


G. 


Fill  areas,  under  air  pressure 


The  estimates  were  made  considering  the  total  direct  costs, 
plant  and  equipment  and  indirect  costs  for  tunneling. 

In  order  that  other  alignments  could  be  estimated,  the 
consultant  developed  unit  prices  for  tunneling  for 
various  diameter  tunnels  from  5'  to  35"  through  the 
seven  various  environments.     These  unit  prices  developed 
were  based  on  1971  prices.    The  unit  prices  were 
escalated  to  1974  by  a  factor  of  7%  percent  per  year. 
Again  utilizing  the  computer,  best  fit  curves  were 
developed  showing  a  correlation  coefficient  between 
98%  and  99.7%. 

The  consultant  advised  that  because  of  set  up  costs  for 

tunneling  that  the  unit  prices  given  would  be  adequate 

for  tunnels  over  5,000  feet  in  length.     It  was  decided 

that  to  cover  such  charges,  the  unit  prices  should  be 

increased  by  10%  for  each  1,000  feet  less  than  the  5,000. 

A  minimum  length  of  tunnel  of  1,000  feet  was  also  established. 
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The  estimating  curves  are  shown  as  Figure  V-54. 
Pump  Stations 

Pump  stations  are  the  last  major  item  included  in  the 
various  alternatives.     Costs  were  developed  by  the  City 
in  1970  for  a  flow  range  of  40  CPS  to  500  CFS  at  total 
design  head  (TDH)  from  30  to  300  feet. 

The  cost  reflected  current  project  costs  of  a  building 
at  or  near  ground  level,  pumps,  motor  drivers  and 
auxiliary  equipment.     They  would  not  include  cost  of 
providing  electrical  power  to  the  building. 

The  influent  to  the  pumps  was  assumed  to  be  the  quality 
of  combined  sanitary  sewage,  thus  limiting  the  choice  of 
pumps  to  the  sewage  type  which  is  generally  not  available 
for  high  head  applications.    The  costs  assume  single  stage 
pumps  up  to  150  feet  TDH;  above  150  feet  single  or  two 
stage  series  pumping  was  used.    Spare  units  were  in- 
cluded at  25%  of  operating  units.     Figure  V-55  illustrates 
the  developed  costs  escalated  to  1974  by  a  factor  of 
7H  percent  per  year. 
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FIGURE  fcS 


PUMP  STATION  PROJECT  COST  VS.  FLOW 
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SEWERAGE  SYSTEM 

DRAINAGE  8  WATERSHED 
CHARACTERISTICS 


SAN  FRANCISCO  SEWERAGE  SYSTEM 
LAND  USE  DISTRIBUTION,   HOUSING,   POPULATION  AND  EMPLOYMENT 

To  effect  a  long  term  sewerage  system  master  plan,  the 
Department  of  Public  Works  has  undertaken  to  identify 
the  land  usages  of  each  watershed  which  comprises 
San  Francisco's  sewerage  system.     Information  of  this 
composite  may  then  be  used  to  predict  sewerage  system 
response  to  variables  such  as  changes  in  land  usage, 
population  shifts,  and  other  changes  that  may  affect 
the  sewer  system  function.     With  knowledge  of  the  pro- 
jected changes  and  confidence  in  the  results,  cost 
savings  can  be  gained  by  incorporation  of  the  appropriate 
modifications  into  initial  facilities  design.  Prior 
to  any  real  predictive  use  of  the  information,  it  will 
be  necessary  to  determine  the  degree  that  land  usage 
affects  constituent  measurements  obtained  in  the  field. 

A  history  table  approach  is  being  used  as  a  practical 
approach  to  the  need  for  hydraulic  control  of  the  system. 
This  is  described  in  Chapter  VIII  of  the  Master  Plan 
Report. 


In  the  development  of  a  usable  historically  based  data 
control  reference,  present  land  use  distributions  with 


corresponding  housing,  population,  and  employment 
densities  are  a  necessary  base  from  which  future  con- 
ditions may  be  measured  and  predicted.    Major  studies 
undertaken  by  a  number  of  organizations  projecting 
San  Franicsco's  land  use  characteristics  were  utilized 
for  basic  data.     The  Bay  Area  Simulation  Study  (BASS  IV) 
was  one  of  these  major  studies,  undertaken  as  a  part  of 
the  S.  F.  Bay-Delta  Water  Quality  Control  Program,  and 
its  resultant  projections  are  believed  to  be  the  best 
source  available.     Hence,  it  was  from  this  particular 
study  that  the  basic  data  for  the  land  use/constituent 
characteristics  were  derived. 

BASS  IV s  present  and  projected  figures  were  essentially 
derived  from  the  1960  census  of  San  Francisco  conducted 
by  the  Bureau  of  Census.    While  the  1960  census  subdivides 
the  entire  City  into  a  number  of  census  tracts,  BASS  IV 
subdivides  the  City  into  a  number  of  demographic  areas 
which  are  generally  larger  than  the  census  tracts. 
Plate  II  shows  the  census  tract  boundaries  and  Plate  III 
shows  the  BASS  IV  demographic  area  boundaries.  The 
relationship  between  the  demographic  areas  and  the 
census  tracts  is  tabulated  in  Plate  IV. 


The  present  and  projected  land  use  distribution  for 
each  demographic  area  together  with  its  corresponding 
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housing,  population,  and  employment  desnities,  from  the 
Bay  Area  Simulation  Study,  are  tabulated  in  Plate  V. 
It  is  important  to  note  that  the  figures  shown  in  the 
land  use  distribution  columns  are  percentage  of  the 
gross  demographic  area.    However,  the  density  column 
figures  are  tabulated  on  a  "per  acre"  basis.  These 
figures  were  converted  as  described  to  facilitate  the 
development  of  the  basic  data  for  the  separate  watersheds 
as  will  be  shown  later. 

As  to  the  San  Francisco's  sewerage  system,  the  entire 
City  is  divided  into  three  major  sewerage  service  areas, 
each  of  which  is  served  by  a  primary  treatment  plant. 
The  location  of  each  of  the  plants  and  its  outfalls, 
together  with  the  approximate  area  it  serves  is  shown 
on  Plate  I. 

The  North  Point  Water  Pollution  Control  Plant,  located 
on  Bay  and  Kearny  Streets,  serves  an  area  of  approximately 
9,300  acres.    The  composition  of  this  area  is  predominantly 
residential  in  character,  but  also  includes  commercial  and 
industrial  developments  along  the  Port.    The  Richmond- 
Sunset  Water  Pollution  Control  Plant,  located  on  the 
southwest  corner  of  the  Golden  Gate  Park,  serves 


essentially  a  residential  area  of  about  10,400  acres. 
And  finally,  the  Southeast  Water  Pollution  Control  Plant, 
located  on  Jerrold  Avenue  near  Quint  Street,  serves  a 
heavily  industrialized  area  of  approximately  8800  acres. 

In  the  development  of  the  model  of  San  Francisco's 
sewerage  system,  the  three  major  sewerage  service  areas 
were  subdivided  into  a  number  of  drainage  districts  called 
watersheds.     With  due  consideration  to  the  topographic 
nature  of  the  area,  the  watershed  boundaries  were  estab- 
lished through  a  series  of  sewer  pluggings  such  that  all 
the  transport  elements  of  the  sewer  system  for  each 
watershed  flow  through  a  common  point.    The  flow  isolation 
of  each  watershed  was  initiated  to  facilitate  field 
measurement  of  the  transport  elements  of  the  system  and 
the  subsequent  historical  reaction  of  the  drainage  system 
to  the  area.    With  these  purposes  in  mind,  flow  monitors 
were  installed  all  over  the  City  and  at  suitable  strategic 
locations  within  the  system  where  flows  of  one  or  more 
watershed  may  be  measured  and  recorded.     These  monitors  will 
also  provide  the  basis  for  the  development  of  the  history 
tables  previously  noted. 

While  every  effort  was  exerted  to  have  all  the  watersheds 
covered  by  a  flow  monitor,  there  are  some  vacant  lands 
within  the  City  which  do  not  have  any  sewers,  thereby  making 
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it  impossible  to  monitor  the  flow.     Such  watersheds 
are  classified  as  "non-monitored  watersheds"  to 
differentiate  them  from  the  majority  of  the  watersheds 
known  as  "monitored  watersheds". 

For  practical  and  easy  identification  purposes,  a 
watershed  numbering  system  was  derived  to  relate  the 
number  of  the  monitor  measuring  the  flow  of  the  water- 
shed to  that  watershed.    The  monitor  number,  in  turn, 
are  related  to  the  number  of  the  outfall  where  the 
monitored  flow  discharges.    Plate  VII-3  shows  a  typical 
portion  of  the  City  with  a  monitor  (monitor  #220) 
installed  at  a  common  point  where  the  transport  elements 
from  four  watersheds  (watersheds  #22280,  #22281,  #22290, 
and  #22291)  flow  through.    Note  that  watershed  #22280 
and  #22281  flow  through  node  #28  while  watersheds  #22290 
and  #22291  flow  through  node  #29  which  is  downstream  of 
node  #28.    Transport  elements  from  all  four  watersheds 
flow  through  a  common  point  measured  by  monitor  #220 
and  discharged  via  outfall  #22. 

With  watershed  boundaries  established  throughout  the 
City,  the  present  and  projected  land  use  distribution 
for  each  watershed  with  its  corresponding  housing, 
population,  and  employment  densities  were  calculated 


utilizing  the  basic  data  from  the  Bay  Area  Simulation 
Studies  (BASS  IV) .     (A  map  showing  the  entire  City  of 
San  Francisco  with  all  the  watersheds  and  its  boundaries 
is  on  file  at  the  Division  of  Sanitary  Engineering.) 
The  resultant  calculations  are  summarized  and  tabulated 
in  Plate  VI.     Plate  VII  illustrates  the  calculation 
procedure  taken  in  obtaining  the  figures  in  Plate  VI. 

The  basic  information  developed  on  land  usage  will  be 
coupled  in  the  future  with  data  on  the  constituent 
characteristics  of  the  flows  derived  from  the  watersheds. 
The  flow  constituents  will  be  identified  as  to  source 
including  surface  runoff,  catchbasin  emissions,  sewer 
system  scouring  and  sanitary  flow  emissions.    A  general 
approach  to  this  facet  of  the  problem  has  been  previously 
described  in  the  sections  on  mass  emission  coefficients 
and  catchbasin  monitoring.    With  the  completion  of  these 
efforts  in  the  near  future,  sufficient  correlation 
should  be  available  to  allow  predictive  capabilities  to 
relate  quality  and  quantity  to  land  use  characteristics 
and  changes  thereof. 
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PLATE  V-l 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 
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LAND  USE  (%  OF  GROSS  AREA) 
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ut 
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PLATE   AT- 2 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

•     LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 
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RECREATIONAL 

INSTITUTIONS 
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(no,  of  units) 

multi -family 
(no.  of  units) 
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10.gC 

12.89 

748.12 

.1220. 

O 

2?«°3 

U 

r\ 
U 

u 

on  xp 

115225 

11 

12 
13 

1.04 

75.00 

11.46 

0 

4.17 

8.33 

0.25 

95.05 

110.16 

147.02 

1990 

1.04 

82.29 

0 

0 

16.67 

0 

0.14 

126.8- 

206.64 

234.20 

.2.020 

5.55 

46.66 

38.88 

0 

5.55 

4.4* 

O.76 

66.62 

9?.  48 

56.88 
80.02 

1990 

5.55 

48.88 

0 

0 

33.88 

11.66 

0.^ 

71.8C 

.-2020. 

1990 

4.34 

52.17 
58.47 

30.43 

0 

4.34 

8.§c 

0.39 

86.  Q2 

II2.13I  63;52 

4.34 

0 

0 

36.95 

0 

0.21 
0.99 

97.17 

155 .28 

.93.16 

196f>, 

42.82 

126_,02 
220,64 

14 

5.45 

40.90 

8.18 

0 

37.27 

8.16 

5.4-5 

49^09 

0 

0 

45.45 

0 

;0.$e 

43.7S 

.J?.Q  2.Q. 

PLATE  V-5 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

to 

employment 
(no.  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no,  of  units) 

multi -family 
(no,  of  units) 

 1 

POPULATION 
(NO.  OF  PERSON: 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

1965 

1.08 

2.52 

56.71 

4.69 

37.54 

2?.  43 

1.48 

9.32 

20.09 

27.03 

1990 

1.08 

3.24 

22.38' 

9.38 

42.59 

21.22 

1.45 

8.86 

19.79 

39.45 

2020 

16 

1965 

— — 

0 

0.62 

^5.96 

9.93 

16.77 

26.70 

2.42 

11.31 

26.15 

2.96 

1990 

0 

1.18 

39.93 

14.90 

23.41 

20.49 

2.41 

10.46 

25.26 

2020 

17 

IS*'/ 

1.63 

15.-57 

76.22 

0 

4.09 

2.4^ 

4.44 

1^.43 

42.29 

15.33.. 

1990 

1.63 

18.03 

64.09 

0 

16.22 

0 

4.20 

14.62 

41.31 

2020 

18 

I961? 

1.51 

8.33 

68.9? 

0 

20.45 

0.75 

2.25 

20.39 

?0.?0 

8.13 

.1990 

1.51 

9.84 

57.65 

0 

30.98 

6 

2.04 

19.84 

50.76 

2020 

19  . 

1965. 

2.19 

19.78 

72.52 

0 

3.29 

2.19 

2.11 

25.42 

56.29 

11.03 

1990 

2.19 

21.97 

60.54 

0 

15.27 

0 

1.90 

24.61 

56.46 

21.04 

-22i?o 

20 

0 

6.74 

69.66 

0 

17.97 

5.61 

2.03 

35.35 

67.88 

13.70 

1990 

0 

11.23 

57.97 

0 

30.78 

0 

1.76 

37.78 

76.02 

25.56 

2020 

21 

;  i 

196  S 
i2t 

2020 

0 

0 

8_2.40 

0 

8.88 

3,70 

5.17 

.9.13 

36.38 

_8jl56. 
11,29.. 

0.81 

5-85 

80.07 

0.14 

15,02 

0 

5.02 

32*24 

-15- 


PLATE  \T-4 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

population 
(no,  of  persons) 

employment 
(no.  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no,  of  units) 

multi -family 
(no,  of  units) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

22 

196<> 

1.43 

7.19 

0 

7.19 

3.59 

5.40 

8.6-5 

39.81 

12.31 

1990 

1,43 

10.14 

74.24 

0 

14.24 

0 

5.44. 

9.00 

41.93 

J?6_.86 

2020 

■  -  -.- 
23 

1965 

2.05 

8.90 

69.17 

0 

15.75 

4.10 

2.46 



24.13 

52.35 

115.10 

1990 

2.53 

13.69 

55.27 

0 

28.21 

0 

2.18 

23.91 

54.12 

23.12' 

2020 

!  51.94 

24 

1  Qf>  ^ 

8.33 

42.85 

26.19 

0 

14.28 

8.33 

0.35 

.J3.70 

38.55 

.129CL 

8.33 

52.26 

8.57 

0 

30.71 

0 

0.23 

24.81 

1 

45.4lh.00.04 

2020 

25 

26  . 

1990 

2.84 

25.11 

47.39 

_15._16 
26.35 

_2.51„ 
1.78 

20.36 

53.67 

25.94 

3.27 

34.02 

26.49 

0 

9.90 

21.03 

56.76 

34.19 

J>C20_ 

1.13 

17.04 

66.47 

0 

JL1.J56 
20.11 

_2.45_ 
2.31 

11.98 
11.75 

...35.7C 
36.29 

28.36 
43.98 

_1.1_3 ... 

JO.45 

58.29 

0 

i£02p.. 



27 


0  • 

_9.85 

74.64 

 0 

_11_.26 

4.22 

5.93 

19.69 

39.45 

_5.30 

,1.9^0. 

  0  

14.08 

60.96 

•  0_ 

_24.92 

±i 

5.85 

18.92 

39.9? 

1 

:  0.99 

m  .  i  ._. 

10.44 

1 

J4.2?  0_ 

M.-22 

_2_.48 

_3.60_ 

28 

am 

.0.99.. 

J3.38 

35. 7^.  0 

„  L  

Jl9»8> 

__p  

3.37 

8.30 

32.5'd  43.35 

.   ...r  .  .. 

J  ..  _ 

14 


PLATE    AT- 5 


.  SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

population 
(no,  of  persons) 

EMPLOYMENT 
(NO,   OF  PERSONS) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION., 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no.  of  units) 

multi -family 
(no,  of  units) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

29 

196$ 

5.69 

9.75 

61.78 

0 

10.56 

12.19 

1.50* 

27.85 

70.13 

16.631 

1990 

7.39 

23.98 

40.81 

0.16 

27.64 

0 

0.87 

31.47 

82. 5$ 

27.05 

2020 

.  ...  - 

30 

196-5, 

7.54 

30.81 

31.44 

0 

17.61 

12.57 

2.32 

21.81 

52.21 

17. 27 

1990 

8.30 

43.39 

12.07 

0.12 

33.14 

2.89 

1.68 

24-.  90 

61.93 

28.29 

2020 

!"  31 

_126_5 
1990 

5.88 

29.41 

20.58 

0 

38.23 

•  5.88 

1.66 

22.78 

40.74 

46.82 

3.97 

36.76 

0 

0 

59 . 11 

0 

0-87 

24-.  73 

47  .fV/ 

94  Ol! 

2020 

5.96 

32 

i2£i 

6.56 

12.40 

61.31 

0 

17.51 

2.ie 

1.08 

28.67 

69. 1C 

,13.90 

6.71 

14.96 

39.56 

0 

32.11 

6.64 

0.63 

27.89 

71.35 

12.74; 

 J 

22.20 

29.34 

2020 

33 

1965 

1.08 

15.13 

67.02 

0 

13.51 

3.24 

2.75 

23.43 

63.86 

1.990 

1.08 

17.83 

49.02 

0 

26.32 

5.7< 

2.22 

24.49 

68.46 

JMO. 
.196$.. 

34 
35 

0.81 

5.73 

55.73 

0 

34.42 

3.27 

1.42 

19.18 

48.5^ 

2.55 

JL22L 

0.81 

7.21 

40. 4C 

0 

50.73 

0.8] 

0.92 

20.43 

53.45 

7.94 

-202.0, 

2.71 

17.93 

55.97 

0 

20.10 

3.2* 

3.43 

25.41 

62.59 

17.31 

-12SLQ. 

2.71 

20.65 

25.65 

0 

35.48 

15. 4£ 

2.07 

30.07 

74.54 

27.48 

202.0 

__  _  ( 

1 

15 


PLATE  ^-6 

LUIMMMILMMMM— — — —  —  I  I     II  j 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

POPULATION 
(NO.  OF  persons) 

employment 
(no.  of  persons) 

industries  & 
manufacturing 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
8  PUBLIC  LAND 

VACANT  LAND 

SINGLE  FAMILY 

(NO.  of  units) 

mult i -family 
(no.  of  units) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

36 

1965 

0 

0.86 

68.69 

0 

20.86 

9.56 

4.97 

9.49 

33.97 

9.44 

19?0 

1.21 

L0.17 

53.30 

1.21 

33.82 

0 

4.38 

9.86 

34.45 

15.17 

2020 



37  | 

196-5 

0.65" 

3.94 

87.50 

0 

5.26 

2.63 

3.91 

19.89 

60.76 

4.56 

1990 

3.02 

L4.01 

68.68 

0.59 

13.81 

0 

3.44 

19.24 

60.7^ 

10.20 

2020 

38 

1965 

50.69 

22.22 

2.08 

0 

17.36 

7.63 

0.17 

2.89 



61.00 _ 

1990 

43.68 

57.08 

0 

0 

19.37 

0 

0.08 

4.25 

22.23 

114.93 

2020 

39 

1965 

21.07 

?6.85 

5.35 

0  " 

7.69 

9.03 

0.44 

19.00 

22.73 

245.14 

1990 

12.24 

73.87 

0 

0 

13.87 

0 

0.16 

30.86 

55.36 

553.93 

2020 

40 

1965 

51.44 

24.85 

9.82 

0 

6.35 

7.51 

0.99 

13.35 

27.54 

48.33 
98.18 

1990 

42.36 

4-1.38 

0 

0 

16.18 

0 

0.36 

16.24 

35.84 

2020 

41 

-Mil 

57.61 

22.63 

2.05 

0 

10.28 

7.4-0 

0.21 

1.73 

5.37 

_39.78 

JL99P 

49. 3« 

38.31 

0 

0 

12.34 

0 

0.13 

1*91 

5.95 

_64.95 

2020 

0.12 

42 

91.53 

0.26 

0 

0 

0.26 

7.93 

0.01 

0 

22.40 
27.88 

1990 

88.59 

9.02 

0 

0;44 

0.26 

1.66 

0.01 

0 

0.12 

_?.020_ 

I 
I 


PLATE  V-7 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

POPULATION 
(NO,  OF  persons) 

employment 
(no.  of  persons) 



INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL/ 
TRANSPORTATION/ 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
8  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no,  of  units) 

—  

multi -family 
(no,  of  units) 

G& 

b 

A 

w 

y 

n 

i 

j 

43 

1965 

57.79 

11.92 

6.42 

0 

11.00 

12.84 

0.17 

3.08 

8;9JL 

_4^06 

1990 

CO    ft  0 

57  #47 

25.64 

3.80 

0 

13.07 

0 

0.09 

3.08 

9.30 

72.40 

2020 

44 

1965 

2.  00 

29.65 

AN 
0 

3.87 

12.81 

2.70 

2.78 

17.67 

11.13 

1990 

P5»ol 

Q  on 

0.2/ 

O.4o 

O  CO 

7*58 

12.57 

2.04 

2.59 

L5.78 

13.75 

2020 

45 

1965 

7C  OC 

P?.2> 

U 

9.61 

3.34 

6. 23 

51.91 

29.15 

1090 

27.91 

12.56 

17.08 

0 

32.59 

9.87 

2.25 

9.14 

56.77 

38.47; 

2020 

46 

1965" 

9.09 

12.29 

60.96 

0 

16.04 

1.6C 

3.84 

11.82 

^7.69 

 1 

1990 

6.84 

15.24 

36.79 

0 

27.21 

13.95 

2.71 

13.01 

^9.29 

2020 

47  - 

1965 

47.26 

3.52 

22.70 

0 

14.18 

12.32 

2.47 

0.65 

10.45 

15.10 

1990 

48.22 

14.53 

18.56 

0.61 

18.01 

o.oe 

2.30 

0.94 

10.84 

19.32 

2020 

■ — i 

48 

1965 

10.96 

1.25 

16.94 

0 

37.46 

33.36 

0.92 

1.94 

11.38 

8.9g  1 
11.95 

JL9Q0 

15.25 

4.29 

13.89 

6.95 

40.35 

19.23 

0.89 

1.60 

11.01 

2020 

49 

.-1261 
1990 

13*57 

0.67 

19,39 

0 

17.84 

48. 4C 

1.31 

0.42 

5.85 

3.03 

36.54 

5.78 

19.65 

5.56 

21.18 

11.25 

1.32 

0.48 

6.28 

6.90 

2020 

-17- 


I 

I 


I 

ll 


PLATE   V-  8 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

employment 
(no.  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION/ 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no,  of  units) 

multi -family 
(no,  of  units) 

POPULATION 
(NO,  OF  PERSON 

a 

D 

c 

d 

e 

f 

g 

h 

i 

j 

50 

1965 

r.15 

11.96 

61.00 

0 

18.14 

7.72 

7.37 

5.81 

38.70 

9.22  1 

1990 

2.66 

21.73 

35.32 

1.93 

27.25 

LI.  00 

6.11 

7.48 

4-0.64 

13.91 

2020 

51 

4.96 

5.20 

62.17 

Q 

17.96 

9.69 

6.57 

3.71 

31.72 

2.66  : 

1990 

12.64 

6.92 

35.91 

0 

23.16 

51.32 

5.27 

4.04 

29.49 

5.97 

2020 

i 

 j 

52 

1965 

0.90 

7.46 

61.99 

0 

25.79 

3.84 

5.31 

2.31 

23.04 

2.63  ! 

1990 

1.80 

12.17 

51.26 

0.88 

31.53 

2.35 

4,85 

2.68 

2%12_ 

1 
1 

2020 

53 

196< 

Ot  5? 

85.94 

0 

7.16 

2.65_ 

_l*28_ 

34,53 

8,28  I 

1990 

1.06 

6.76 

71.08 

0 

14,0? 

7.00 

9.03 

2.12 

33,08 

6.63J 

2020 

1 
I 

54 

1965 

1.14 

4.18 

65.01 

0 

27-?5 

2.28 

0.68 

?.?2 

22;^8_ 

9-56. 

1990 

1.33 

6.15 

61.17 

0 

0 

O.72 

6.12L 

20.73 

20?0 

55 

1065 

1.62 

10.56 

60.43 

6 

20.59 

6.71 

7-7L 

0.98 

2^.26 

4.61 

1990 

2.22 

19*56 

54.22 

0.24 

23.73 

0 

7.52 

_l-37. 

26.1Z. 

8.15 

2020 

56 



1965 

0.51 

7.23 

66. 6€ 

0 

16.79 

8.78 

6.29 

1.24 

21.95. 

_2.76 

1Q90 

1.03 

10.72 

67.1! 

0.33 

20.74 

0 

6.47 

1.72 

24.37 

5.57 



18- 


PLATE  V*9 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

population 
(no,  of  persons) 

employment 
(no.  of  persons) 

INDUSTRIES  8 
MANUFACTURING 

COMMERCIAL^ 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no.  of  units) 

mult i -family 
(no.  of  units) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

57 

196JL 

9.'33 

1.03 

23.47 
27.04 

I41.24 

16.08 

5.31 

1.75 

0.81 

10.02 

0.73  1 

jtsap 

9.76 

2.67 

41.66 

18.85 

0 

1.81 

0.87 

10.65 

1.69 

2020 

58 

.1.965, 

2.57 

5.39 



69.40 

0 

9.76 

-12.85 
0 

7.17 

1.48 

27.48 

2.96 

1990 

3.70 

10.71 

67.81 

r  — 
1.23 

16.55 

7.18 

2.06 

29.70 

5.60 

2020 

59 

23.85 

37.61 



16.51 

0 

— . . .... 

13.76 

- 

8.25 

0.75 

18.87 

37.7sfco.98 

23.85 

45.96 

0 

0 

30.27 

0 

0.28 

19.17 

41. 339-08. 34 

2020 

 , 

20.67 

60 

1990 
2020 

■  in  - 
12.41 

15.68 

53.59 

0 

17.64 

-0.65 
5.79 

2.10 

24.14 

60.44 

12.41 

17.64 

32.15 

0 

33.98 

1.25  J27.70 

70.89 

30.61! 

 1 

1.25' 

61 
62 

Ml           ■  III 

1965 

0 

0.76 

61*97 

0 

20.91 

16.  yi 

5.09 

7.14 

27.99 

1.17 

6.88 

57.79 

1.25 

30.64 

2.24 

5.04 

8.47 

32.09 

 =-| 

4.56 

2020 
"  — - 

4.10 

- 

_2_ 

4.54 

83.11 

0 

7.14 

5.1S 

7.12 

9.41 

43. 8£ 

,,1990 

1.68 

13.44 

59.02 

1.36 

 ■ 

19.48 

5.0C 

6.09 

10.28 

44.63 

9.16 

.2020,, 

1 

1 

  1 

63 

1965 

2.15 

4.31 

71.94 

0 

16.54 

5.05 

3.88_ 

13.29 

40.6^ 

6.51 
12.79 

 -A- 

9.0?  ft 

3.6d 

Z~! 

15.97 

51.15 

0.71 

28.41 

0 

1.0. 

14.40 

42. 6*] 

i 

1 

i 

 (  .  _ 

il 


PLATE  V-10 


SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

CO 

EMPLOYMENT 

(no.  OF  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL/ 
TRANSPORTATION^ 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no.  of  units) 

mult i -family 
(no.  of  units) 

POPULATION 
(NO.  OF  PERSON 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

64 

4.21 

9.63 

76.50 

0 

7.22 

2.40 

3.04 

24.12^ 

64.96 

8.49 

1990 

4.21 

11.92 

53.37 

0 

n.56 

8.91 

2.17 

26.28 

71.66 

14.70 

2020 

65 

1965 

4.87 

40.85 

44.51 

0 

6.70 

3.04 

3.67 

23.15 

52.63 

33.84  1 

1990 

4.87 

45.90 

18.71 

0 

23.29 

9.14 

2.21 

28.27 

65.88 

48.50  | 

2020 



 ! 

66 

196S 

0.34 

5.24 

78.67 

0 

5.94 

9.79 

5.06 

4.86 

_S..24_ 
10.94 

41.2? 
46.09 

_,-3_oJ 
6.07 

*  * 

1990  1  1.99 

11.78 

63.98|  1.39 

L5.76 

■ 

2020 

■ 

1  1" — - 

67 

1061 

0 

0 

39.41 

0 

26.14 

54.43 

2.93 

_____ 

3_5§ 

JL8.42 

1990 

0.53 

4*43 

56.51 

2.44 

56.05 

0 

3.82 

-  2.58 

2020 

.  .  1 

68  . 

1965 

0 

2.50 

61.50 

0 

L3.66 

22.  ?2 

5.04 

29.51 

2.41,1 
5.04 

1990 

1.20 

7-65 

5?.62 

2.91 

21.04 

_5_.24 

6.24 

32.84 

_£Q20 

69 

4.67 

0.31 

37.38 

0 

4-9.22 

8.41 

2.2JL 

4.40 
4.14 

21.  y, 

20.10 

1.990 

4.84 

2.81 

36.4? 

0.03 

54.34 

1.47 

2.44 

22.0c 

26.61 

JL020 

70 

1965 

1.74 

12.79 

79.0€ 

0 

4.65 

1.74 

6.31 

13.72 

48. 2C 

8.23 

1990" 

1.74 

13.95 

66.91 

0 

15.87 

1.51 

6.20 

12.98 

48.12j 

14.32 
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SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 
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( 

DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

population 
(no.  of  persons) 

employment 
(no.  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

UJ  (— 1 

U  0 
ts  . 

^  0 
*n  3 

multi -family 
(no.  of  units) 

a 

• 

b 

c 

'Id- 

e 

f 

g 

h 

i 

j 

71  . 

.  i 

1965 

0.18 

1.41 

80.78 

0 

6.59 

11.03 

7.18 

1.64 

??.75 

5  >6  j 

1990 

1.17 

7.26 

80.94 

0.47 

L0.18 

0 

7.3? 

2,06 

^•79 

6.04 

2020 

72 

I 

1965 

0.23 

-4.67 

78.04 

! 

J— 

LI.  68 

5.58 

6.21 

0.50 

1-2.02. 

1990 

0.65 

7.36 

77.94 

0jl4 

L3.86 

0 

6.26 

0.61 

L2.JZi. 

2020 

■  I 

73 

1965 

.2.29 

0 

67.05 

— t — — 

11.17 

5.73 

13.76 

6.20 
6.44 

1.18 

22.21 

_1.-Q_4J 
3.33 

199jp 
202|) 

3.15 

3.93 

70.86 

12.06 

L0.00 

0 

74 

1Q6J5 

0 

2.89 

53.43 

0 

58.27 

5.41 

6.81 

0.82 

51.5? 

J...12.! 

1 

„  1 

199j) 

0.18 

4.91 

46.14 

0 

^5.85 

2.89 

6.47 

1.13 

?1.72. 

202b 

!  75 

196*5 

18.45 

2.91 

64.56 

0 

L2.62 

1.46 

5.21 

0.03 

_2.88_ 

1990 

18.54 

3.79 

63.16 

0 

.4.51 

0 

5.18 

0.14 

L5.81 

— — 

202.0 

1 —  "1 

76 

1965 

0.22 

2.64 

87.03 

0 



7.91 

2.20 

5.07 

0.08 

16.23 
16.77 

3.19 

5.55 

1990 

0.37 

3.71 

87.08 

0 

8.86 

0 

5.13 

0.16 

2020_ 

77 



1965 

0 

6.18 

77.09 

0 

13.09 

3.64 
0 

8.10 

0.63|  27.59 

2.06 

1990 

0.25 

8.44 

74.11 

0.04 

17.20 

8.11 

1.13 

29.441 

_5.P9_ 

2C20 
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SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

population 
(no,  of  persons) 

employment 
(no,  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no,  of  units) 

multi -family 
(no,  of  units) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

78 

1965 

0.50 

3.01 

75.94 

0 

ll.?8 

8.77 

8.15 

.jfiao.. 

28*23. 

_5.*Z4. 

199C 

1.68  . 

8.30 

72.56 

0.63 

16.87 

0 

8.14 

1.72 

3L62._ 

2020 

79 

1965 

0.21 

3.09 

85.57 

0.82 

8.87 

1.44 

9.00 

2.52 

32.47 

2_*58 

1990 

0.33 

4.31 

83.48 

0.82 

11.03 

b 

9.16 

2.89 

34.74 

-1..2&.. 

2020 

80 

0 

2.45 

81.51 

0.89 

14.03 

1.11 

8.65 

1.30 

50.^5. 
32.?5_ 

SAX. 

1990 

u 

80.40 

0.89 

15.59 

0 

8.78 

1.60 

2020 

81 

J-965 

0.23 

5.14 

88.78 

0.94 

3.97 

0.94 
0 

8.89 

3.00 

51^08 
32.78 

.4_.61__ 
8.31 

.1220. 

202.0,, 
196  5 

0.23 

5.84 

84.58 

0.93 

8.41 

8.98 

3.26 

!  82 

8.60 

4.05 

77.57 

0 

8.60 

1.18 

8.52 

0.77 

25.29 

?.po 

1990 

8.60 

5.06 

75.23 

0 

11.11 

0 

8.53 

0.-9Z. 

26.24 

5.58 

J2£&q, 

83 

.l£6£- 

0.26 

3.44 

- 

68.52 

— -  — — 
16.93 

9.79 

1.06 

6.47 

0.33 

19.57 

2.47 

1220, 

0.45 

4.44 

67.  2C 

16.93 

11.00 

0 

6.46 

0.45 

20.12 

202J5. 

2.43 

84 

i 

1    \ 

0 

6.97 

81.00 

0 

9.50 

2.71 

5.34 

0 

16.05 

J  990 

0.09 

8.28 

81.49|  0.05 

10.05 

0 

5.43 

0.10 

16.71 

5.61 

2C?.0 

.  ...  i 
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SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

to 

employment 
(no,  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

single  family 
(no,  of  units) 



mult i -family 
(no,  of  units) 

POPULATION 
(NO,  OF  PERSON 

a 

b 

c 

d 

e 

f 

cr 

h 

j_ 

j 

85 

196  "5 

0 

13.18 

/1  0  •  on 

U 

4<£.05 

2.50 

ii  r\r\ 

4.09 

21.23 

12.85 

1990 

Q. 

15.68 

l\C\    T  D 

r\ 
0 

44.14 

0 

4.18 

5.17 

.ia.06_ 

2020 

86 

1965 

30.95 

0 

l.bb 

5o.  3  9 

l.OO 

9.14 

0.21 

0.01 

0.71 

.o^o. 

199.0 

30.95 

0.42 

P.  bp 

CO     /1  0 

;?o.4o 

d.o/ 

5  •61 

0.28 

0.04 

2020 

87 

lQ6r> 

0 

0.44 

4.  dd 

p4.4p 

60 . 47 

0.44 

0 

0.41 

2.2$,„ 

_2_..67_ 

-1990 

0 

0.48 

4.16 

34  51 

fiO  4Q 

0.01 

2.15 

P  .  Oil 

2020 

88 

1.28 

11.80 

72.56 

0 

L2.82 

1.54 

5.21 

12.31 

44.81 

10.63 

1.28  13.08 
< 

65.31 

0 

?0.33 

0 

5.40 

12.19 

47. 18 

15.99 

2020 

10.08 

6.98 

89 

1965 

_Q^2 

^.88 

-83*22 

0 

U53  - 

-U20_ 

6.26 

1990 

0.32 

4.85 

82.85 

0 

LI.  98 

0 

6.40 

10.00 

4^.4C 

2020 

90 

1965 

1.24 

6.61 

84.30 

0 

5.78 

2.07 

5.95 

11.38 

^5.58 

8.92 

1990 

1.32 

8.47 

73.1C 

0 

15.00., 

_2._15, 

5.91  Il0.98  146.41 

2020 

91 

1Q65 

0 

2.70 

42.41 

48.65 

5.20 

1.04 

2.85 

3.04 

16.16 

4.41 

3<390 

0 

3.64 

41.21 

48.65 

6.53 

0 

2.95 

2.81 

16.45 

6.76 

2020  ! 

1 
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SAN  FRANCISCO  DATA  PROJECTIONS  BASED  ON 
S.F.  BAY  DELTA  WATER  QUALITY  CONTROL  PROGRAM   (BASS  IV) 


DEMOGRAPHIC 
AREA  NUMBER 

YEAR 

LAND  USE  (%  OF  GROSS  AREA) 

HOUSING 

POPULATION 
(NO.  OF  PERSONS) 

employment 
(no.  of  persons) 

INDUSTRIES  & 
MANUFACTURING 

COMMERCIAL, 
TRANSPORTATION, 
AND  UTILITIES 

RESIDENTIAL 

PARK  AND 
RECREATIONAL 

INSTITUTIONS 
&  PUBLIC  LAND 

VACANT  LAND 

SINGLE  FAMILY 
(NO.  OF  UNITS) 

MULTI -FAMILY 
(NO.  OF  UNITS) 

a- 

b 

c 

d 

e 

f 

g 

h 

i 

j 

92 

1965 

0.36 

4.09 

7^.42 

0 

14.03 

7.10 

6.90 

4.10 

28.15 

1990 

0.57 

5.61 

72.81 

1.21 

16.02 

3.77 

3.03 

4.12 

29.72 

6.09„ 

2020 

93 

1965 

50.70 

22.22 

2.08 

7.64 

9.72 

_  - 
7.64 

0.17 

2.89 

18.53 

115.93 

1990 

50.76 

29.58 

0  " 

7.64 

LI.  88 

0 

0.07 

1.73 

16.lljl56.76 

2020 

196  5 
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CALCULATION  PROCEDURES 


In  obtaining  the  calculation  results  tabulated  on  Plate  VI,  the 
following  steps  were  followed.     Essentially,  the  figures  were  de- 
rived from  BASS  IV  s  basic  data  with  the  demographic  area  boun- 
daries related  to  the  1960  census  tract  boundaries.     A  specific 
area  within  S.  F.  sewerage  system,  shown  on  Plate  VII-3  will  be 
used  to  illustrate  these  calculation  steps.     The  area  in  considera- 
tion contains  four  watersheds  (watershed  #*s  22280,  22281,  22290, 
22291)  with  a  monitor  (#220)  installed  to  measure  the  total  flow. 
The  census  tract  boundaries  for  the  same  area  in  consideration 
are  shown  on  Plate  VII-4. 

Step  §1:     Overlaying  Plate  VII-3  over  Plate  VII-4,  it  can 
be  seen  that  each  watershed  will  consist  of  a  combination  of 
different  census  tract  areas.     Each  watershed  with  its  corre- 
sponding census  tract  composition  is  recorded  in  an  appro- 
priate work  sheet  shown  on  Plate  VII-5  (Cole  2  for  watershed 
and  Col.  3  for  census  tract  composition). 

Step  #2:    The  corresponding  demographic  area  code  for  each 
census  tract  is  determined  and  recorded  in  Col.  4  of  Plate  VII-5. 
(See  Plate  IV  for  this  relationship  between  the  I960  census 
tracts  and  BASS  IV  demographic  area  for  this  determination.) 

Step  #3:     Using  a  planimeter,  the  census  tract  area  in  acres 
contained  in  each  watershed  is  determined  and  recorded  in 
Col.  5  of  Plate  VII-5. 


"e-  . 


1 


I 


PLATE  WEH- 2 


Step  #4:     Determine  present  and  projected  land  use  distribution 
(acres),  housing   (no.  of  units),  population   (no.  of  persons), 
and  employment   (no.  of  persons)   for  each  demographic  area  and 

u 

record  in  appropriate  column  6  through  25  of  Plate  VTI-5. 


This  is  done  by  multiplying  the  acreage   (Col.   5  of  Plate  VII-5) 

i  ' 

by  the  factors  tabulated  in  Plate  V  corresponding  to  the 


i  demographic  area  (Col.  4  of  Plate  VII-5) . 

3 


1 


Step  #5:     Present  and  projected  land  use  distribution, 
housing,  population,  and  employment  for  each  watershed  is 

J 

determined  by  summation  of  demographic  area  figures  contained 
thereof  as  determined  in  previous  steps. 

I  " 
I  Step  #6:     Present  and  projected  land  use  distribution, 

il   •  _ 

housing,  population,  and  employment  for  the  monitored  area, 

|  •  * 

I  therefore,  will  be  the  summation  of  the  watershed  figures 

determined  in  Step  #5. 

Step  #7:     Resultant  figures  determined  in  Step  #5  and 
Step  #6  are  recorded  in  appropriate  forms  shown  in  Plate  VII-6 
and  VII-7  respectively.     Note  that  figures  on  Cols.  12 
through  17  of  Plate  VII-5  were  combined  under  the  heading 
"Public  Lands  and  All  Others"  on  Plate  VII-6  and  VII-7. 

Step  #8:     Present  and  projected  land  use  distributions  in 
acres  shown  in  Plate  VII-6  and  VII-7  are  converted  into 
percentage  of  gross  area  and  recorded  into  an  appropriate 
form  as  shown  on  Plate  VII-8  and  VII-9  respectively. 

Step  #9:  Plate  VI  shows  the  tabulation  of  figures  determined 
in  Step  #8  for  the  entire  San  Francisco. 
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SEWERAGE  SYSTEM 
FLOW  PROJECTIONS 


SAN  FRANCISCO  SEWERAGE  SYSTEM 


FLOW  PROJECTIONS 

As  part  of  the  development  of  the  Master  Plan  it  was 
necessary  to  develop  influent-effluent  flow  projections 
for  each  of  the  City's  water  pollution  control  plants  to 
the  year  2020  to  provide  a  fifty  year  planning  base. 
Basic  data  utilized  included  the  City's  effluent  flow 
records  from  the  treatment  plants,  Water  Department  gross 
water  consumption  data,  and  projections.  Department  of 
City  Planning  population  data  and  projections,  and  the 
population  projections  of  the  Bay- Area  Simulation  Study 
performed  for  the  Bay-Delta  Study, 

Method  of  Analysis 

The  baseline  data  used  for  the  projections  are  shown 
on  Table  1.     Table  2  tabulates  projections  used  in  the 
development  of  the  effluent  rates.    Figure  1  was  developed 
to  estimate  the  expected  City's  average  dry  weather  day 
effluent  flows  and  population  for  the  future  planning. 
The  City's  three  water  pollution  control  plants  average 
dry  weather  day  effluent  flow  in  Mgpcd"  rates  was  plotted 
for  a  10-year  period,  1960  to  1970  per  Table  1,  and  then 
projected  to  the  year  2020  utilizing  a  best  fit  curve. 
The  average  gross  water  consumptions  in  MGD  for  a  50 -year 


1970-2020  was  obtained  from  a  San  Francisco  Water  Department 
engineering  consultant,  Brown  and  Caldwell  (B&C)  per 
Table  2.     B&C  conducted  a  study  during  1971  to  predict 
the  water  demands  for  the  San  Francisco  and  Bay  Area  as  a 
whole.    The  City's  future  population  to  the  year  1990  was 
obtained  from  City  Planning  Department  at  which  year  their 
prediction  terminated.    The  population  for  the  period 
from  1990  to  2020  was  calculated  from  B&C  supplied  data 
for  Water  Department,  by  dividing  the  total  flow,  MGD  by 
average  usage  rate  "gpcd"  to  obtain  population. 

Utilizing  the  population  figures  from  City  Planning 

and  B&C  and  multiplying  by  the  gpcd  rates  as  developed  on 

Figure  1,  the  total  City  effluent  flow  in  MGD  was  obtained. 

Individual  plant  projections  were  developed  by 
projecting  past  data  for  each  plant  consistent  with  the 
total  City  projections.    Table  3  tabulates  the  City  based 
data  and  compares  it  to  BASS  IV  data.    For  the  purposes 
of  planning  the  City  Planning  and  Water  Department  based 
projections  were  used.    These  are  shown  graphically  on 
Figure  2  and  DSE  Drawing  71-542. 


2 


TABLE  I 


PLANT  DATA     1Q60  -  1Q70 


WPCP  EFFLUENT  HGD 


YEAR 


I960 
1961 
1962 

1963 
1964 

1965 
1966 
1967 
1968 
1969 
1970 


NP 


HS 


SE 


TOTAL 


44.8 
45.2 
45.2 

47.5 
52.2 
15.9 
54.7 
57.1 
61.4 
59.4 
58.93 


WATER 

DEPT. 

GROSS 

WATER 

DEMAND 

MGD 


CITY 

PLANNING 
POPULATION 

WPCP 
GPCD 


15.7 
16.1 

16.7 
17.5 
17.7 
18. 5 
19.0 
19.8 
20.8 
18.8 
20.20 


15.8 
16.9 
14.8 
17.9 
18.3 
18.3 
18.8 
18.0 


76.3 
78.2 
76.7 
82.9 
88.2 
88.7 
92.5 
94.9 


18.5  100.7 
18.9  97.1 
20.0  99.13 


92 
90 
89 
91 

97.5 
97.0 

97.5 


111 


740316 
737616 
734916 
732216 
729516 
727196 
723996 
720796 
718096 
714896 
711276 


103 
103 
104 
112 
121 
122 
128 
132 
142 
136 
139 


S.F. 
W.D. 
GPCD 

124 

122 

121 

124 

134 

134 

135 


156 


The  above  data  was  utilized  in  the  development  of  Figure: 1. 
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W.D. AVERAGE 
DAILY 


YEAR 

WATER 

DSKAND 

PER 

1971  B&C' 
MGD 

CITY  ,. 
PLANNING 
POPUJ. 
LATION 

W.D. 
"GPCD" 

DSE 

WPCP'S 

GPCD 

EFP. 

(1) 

TOTAL 
WPCP'S 
EFFLUEK? 
MGD  (4) 

1970 

111.0 

711276 

156 

140 

100 

1975 

109 

703712 

155 

147 

104 

1980 

119 

710050 

168 

156 

111 

1990 

125 

755572 

166 

153 

115 

2000 

128 

760000*2) 

168(1) 

155 

118 

2010 

131 

(2) 

770000v  ■ 

170{1) 

158 

122 

2020 

134 

780  000<2) 

1?2(1) 

160 

125 

(lj  Water  Department  consumptive  rate  gallons  per  capita  per 
day  "GPCD"  was  plotted  utilizing  a  method  of  best  fit  and 
projected  from  1990  to  2020.     See  Figure  1. 

(2)  Calculated  by  dividing  the  Water  Department's  Gross  average 
daily  water  demand  by  gpcd  rates. 

•  ■      .  * 

(3)  An  effluent  consumptive  rate  curve  gallon  per  capita 
per  day  "gpcd"  was  developed  by  utilizing  a  7%  differential 
from  water  demand  gpcd  rates.     See  Figure  1. 

(4)  '  WPCP's  total  effluent  flow  in  MGD  was  computed 

by  multiplying  the  City  Planning 's  population  by  the  WPCP 
"gpcd"  rates.'    See  Figure  1.  -. 
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FIGURE  2 
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SEWER 

INADEQUACY 

STUDY 


CITY  AND  COUNTY  OF  SAN  FRANCISCO 
SEWER  INADEQUACY  STUDY 


I.  INTRODUCTION 
The  sewer  inadequacy  study  was  undertaken  to  serve  as 
a  guideline  for  the  development  of  a  viable  master  plane 
The  objective  of  the  study  is  to  determine  the  degree  of 
adequacy  of  the  sewer  lines  in  the  City  of  San  Francisco, 
thereby,  showing  the  weak  points  (inadequate  sewers)  as 
well  as  strong  points  (adequate  sewers)  within  the  City's 
existing  sewer  system.     These  results  will  enable  the  en- 
gineer to  have  a  general  view  of  the  deficiencies  of  the 
existing  system  and,  therefore,  will  enable  him  to  plan 
alternate  solutions  for  the  relief  of  the  inadequate  sewer 
lines. 

It  is  important  to  note  that  efforts  have  been  concen- 
trated towards  the  investigation  of  major  collectors  only 
and  it  has  been  assumed  that  any  sewer  having  at  least  one 
dimension  equal  to  or  greater  than  three  feet  is  considered 
to  be  a  major  collector.     Smaller  sewer  lines  have  been  ex- 
cluded in  this  study  for  the  very  obvious  reason  that  small 
size  sewers  (as  opposed  to  the  ones  designated  as  major 


collectors)  do  not  discharge  directly  into  the  bay  and, 
therefore,  should  not  be  of  primary  concern. 


II.  APPROACH 


A.     THEORETICAL  APPROACH 

The  general  approach  used  in  this  study  is  that  of 
calculating  the  percentage  of  adequacy  existing  in  any 
particular  sewer  line.     The  percentage  of  adequacy  is  the 
ratio  of  the  existing  capacity  of  the  line  to  the  calcu- 
lated run-off  multiplied  by  100. 

1 .     Existing  Capacity :  QE 

The  existing  capacity  is  calculated  based  on  the  physi- 
cal characteristics  of  the  sewer  line,  namely,  cross- 
sectional  shape,  its  dimensions,  and  the  slope  of  the  energy 
grade  line.     Based  on  Kutter's  formula: 


QE  =  AV  =  Ac  >/rs 


1.311  +  41.65  Jr  0.00281 


n 


s 


and, 


c 


1  +  n  (41.65  +  0.00281) 


r  s 


where :  QE 


existing  capacity 


A 


cross-sectional  area  of  conduit 
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V  =  mean  velocity 

c  =  frictional  loss  coefficient 

n  =  roughness  coefficient 

s  -  slope  of  the  energy  grade  line 

r  =  hydraulic  radius 

2.  Run-Off ,  QR 

The  calculated  run-off  is  obtained  by  the  rational 
method  based  on  the  formula: 

QR  -  CiA 
wh ere:     QR  -  r un - o  f f 

C  =  run-off  coefficient 

i  -  average  rainfall  intensity 

A  -  drainage  area 

3.  Percentage  of  Adequacy 

The  percentage  of  adequacy  is  the  ratio  of  the  exist- 
ing capacity  of  the  sewer  line  to  the  calculated  run- off 
multiplied  by  100.  Thus: 

Percentage  Adequacy  (%)  «  gz  v  i^o 

QR 

Therefore,  the  sewer  line  is  considered  to  be  adequate  when 
QS/QR  is  greater  than  or  equal  to  1  and  inadequate  when 
QS / QR  is  less  than  1. 
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B.     PRACTICAL  APPROACH 

1.    Determination  of  the  Existing  Capacity 
For  the  purpose  of  this  study,  the  roughness  coeffi- 
cient (n)  in  Kutter's  formula,  as  discussed  under  the  theo- 
retical approach,  shall  be  taken  as  equal  to  0.013.  This 
roughness  coefficient  is  for  concrete,  a  material  which 
most  of  the  major  sewer  lines  are  made  of.    The  same  co- 
efficient has  been  used  also  for  brick  sewers  and  lines 
made  of  other  materials.     This  approximation  is  considered 
to  be  valid  in  as  much  that  the  roughness  coefficient  (n) 
varies  slowly  from  one  material  to  another,  as  can  be  seen 
from  Plate  69  on  page  76.    It  varies  from  0.012  to  0.018  for 
concrete,  from  0.11  to  0.017  for  brick  sewers,  from  0.011  to 
0.017  for  clay,  and  from  0.00001  for  a  very  smooth  material 
to  0.05  to  a  very  rough  material. 

The  existing  capacities  are  obtained  from  charts  drawn 
by  A.  A.  Brown  and  A.  C.  Toll  as  shown  in  Plates  64,  65, 
66,  and  67.    Their  drawings  are  based  on  Kutter's  formula 
and  are  used  for  3  different  cross-sectional  shape  sewers, 
namely,  circular,  flat  top  egg  shaped,  and  egg  shaped 
sewers. 
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For  practical  purposes,  the  slope  of  the  energy  grade 
line  is  calculated  from  official  street  grades.     For  flat 
areas,  the  slope  is  calculated  on  the  basis  of  assuming  the 
hydraulic  grade  line  at  the  outfall  (elevation  =  -3.5  ft.) 
with  a  constant  gradient  to  the  control  elevation  at  the 
upstream  end  of  the  sewer  under  consideration. 

2.     Determination  of  the  Run-off 

The  calculated  run-offs  are  usually  extracted  from 
previous  hydraulic  computations  on  file  at  D.S.E.  However, 
some  of  the  run-offs  are  not  available  and  were  determined 
by  the  rational  method  based  on  the  formula  QR  =  CiA, 
where:     QR  =  run-off 

C    =  run-off  coefficient  (given  on  a  drainage  dis- 
trict map  of  1946  revised  from  Sept.  1937) 
i    =  rainfall  intensity  (determined  by  using  the 

1941  5-year  frequency  design  curve) 
A    =  drainage  area  (determined  by  using  a  plani- 
meter  when  the  scale  is  known,  or  by  extra- 
polation from  known  tributary  areas  of  nodes 
and  outfalls) 

Some  of  the  run-offs  extracted  from  previous  hydraulic  cal- 
culations on  file  show  discrepancies  but  these  are  the 
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only  direct  source  of  information  on  run-offs  available  and, 
therefore,  were  assumed  to  be  adequate  for  estimation  pur- 
poses. 

3.    Data  Collections 

The  following  data  was  compiled  for  each  major  sewer 
line  (Plates  1  to  51  show  a  complete  tabulation  of  these  data) 


a) 

street 

b) 

cross-street 

c) 

high  energy  grade 

<*) 

low  energy  grade 

e) 

fall 

f) 

length 

g) 

slope  -  fall/length 

h) 

existing  size 

l) 

existing  capacity 

j) 

tributary  area 

k) 

run-off 

1) 

percentage  of  adequacy 

m) 

required  size 

n) 

comments 

o) 

estimated  correction  cost 

The  street  grades  are  obtained  from  drainage  district 
maps  with  official  grades  of  April  18,  1939.    The  size  and 
shape  are  obtained  from  City  section  maps  of  1968.  These 
section  maps  also  indicate  reference  drawings. 

The  lengths  are  usually  tabulated  along  with  the  run- 
offs from  previous  hydraulic  calculations  but  when  they  are 
not  available,  they  may  be  scaled  off  from  the  section  maps. 
Once  the  slope  and  size  are  determined,  they  are  used  as 
entries  to  Toll  &  Brown's  charts  to  obtain  the  existing  ca- 
pacity.   Using  the  run-offs  and  the  slope  as  entries  on  the  same 
charts,  the  required  sizes  of  replacement  sewers  can  be  deter- 
mined . 

The  percentage  of  adequacy  are  computed  to  the  nearest 
0.5%.    Plate  68  on  page  75  shews  the  locations  of  the  adequate 
and  inadequate  sewers  in  San  Francisco  based  upon  the  results 
of  this  study. 
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COST  TO 
CORRECT 
MILLION 
$ 

0.205 
0.205 

0.637 

9. 091 
1.050 

1.778 

0.195 
0.195 

MILES 
SEWER 
40* 
ADEQ. 

0.09 
0.09 

0.41 

0.08 
0.96 

1.45 

0.10 
0.10 

COST  TO 
COFRECT 
MILLION 

0.135 

0.135 

2.116 
0.087 

2.203 

0.280 
3.457 
0.O42 
0.041 
0.116 
0.184 

4.120 

MILES 
SEWER 
55-40% 
ADEQ. 

OO       CO      r-4  <7i       o           M  W  T  H  r-  *T 
©       ©       mo       *T       (N  in  O  O  «H  W 

 ••Ill      -     III     1     1      1     1     1     1     1  1 

O        OOOQOOOOOO  iH 



COST  TO 
CORRECT 
MILLION 

0.130 

0.130 

0.833 
0.074 

0.907 

12.219 
0.114 
0.668 

0.404 
0.156 

13.561 

0.080 
0.080 

MILES 
SEWER 
70-55% 
ADEQ. 

CTicftcTiNDi/ir^mcoeN*^               r*i                  vo  vo 

OOinot0—4OvDm.H                    *T  oo 

 I    •  •  1  1  1       •         II       •      •      i       i      I       i       i  i 

OOOOOfHOOOO                  PJ       1  oo 

COST  TO 
CORRECT 
MILLION 

in     in     m  so               m     n  h  fy  w           o                                      ro                  <H  p-h 

»N       <M       0>  I  -       f            i-trimO'lf'-O       lOO                                                          r-<  rH 

 1  1   •      -III      1      1      •           1      1  . 

OOOOO           OOOOOOi-l                                           OO  OO 

MILES 
SEWER 
85-70% 
ADEQ. 

aNo*»co»Hcft        nnaiointn     io     n                               *-i  mm 
o     o     r-<  t     m        o  n  □  *  ^  h     o     u>                                                          cn  (n 

ooooo        00000O1H            '       1       1      o     o'      '       '     o  o 

COST  TO 
CORRECT 
MILLION 

0 .  065 

0.065 

0.204 

0.120 
0.049 
0.252 
0.163 
0.035 

0.823 

0.125 
0.125 

MILES 
SEWER 
99-85% 
ADEQ. 

v©        O       «•>       O^GMA                 O                                                         -                                O  O 
O       O       OJ       HOHHO                0*                                                                                 .h  — i 

•          •          ■      *          •          •    1  II           'I          |          |          |          |          |          |          |  . 

OOOOOOOO              o  oo 

TOTAL 
COST 
MILLION 

0.595 

0.590 

3.144 
0.602 

3.746 

13.340 
3.599 
1.147 
0.223 
1.263 
1.066 
1.189 

0.064 

21.882 

0.275 
0.275 
0.113 
0.113 

0.436 
0.436 

TOTAL 
MILES 
INAD. 
SEWER 

u*>inoooior*cnincDc*m*0%om                         >£>     r-*     —i  mm 
m     rn     o         r-     otfiHHiNOH     oin                           >-h     *~\       t                    m  m 

o     o     *-*  o     --4     nohohhh     or*                  oooo.  'oo 

TOTAL 
MILES 
SEWER 
INVES • 

r*     in     <o  m     ^     ««mDMn«Ho  oooommisrMNfN'nm 
o     o     oo  in     «■     injiorortunin  •H^HFHr>invo«oomm 

->       -1  Ol       1"       MnnONNdHH  jSOOOO.HiHOO'H.H 

DIST. 
NO. 

om  o*4<N*n«rmi0r~co 

OUTFALL 
NO. 

42 
Outfall 
Total 

43 

Outfall 
Total 

44 

Outfall 
Total 

45 
Outfall 
Total 

46 

Outfall 
Total 

48 
Outfall 
Total 

49 

Outfall 
Total 

51 
Outfall 
Total 
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COST  TO 
CORRECT 
MILLION 

0.263 
0.274 
0.592 

1.129 

0.276 
0.276 

9.231 

MILES 
SEWER 

407. 
ADEQ. 

0.17 
0.13 
0.60 

0.90 

0.24 
0.24 

7.61 

COST  TO 
CORRECT 
MILLION 
$ 

0.305 
0.569 
0.173 
0.358 

1.405 

0.188 
0.188 

0.237 

0.436 
0.673 

18.702 

MILES 
SEWER 
55-407. 
ADEQ. 

0.11 
0.36 
0.13 
0.36 

0.96 

0.17 
0.17 
r 

0.21 

0.31 
0.52 

10.63 

COST  TO 

MILLION 

0.750 
0.189 
0.679 
0.265 

1.883 

0.413 
0.413 

0.713 

0.273 
1.316 

2.302 
26.497 

MILES 
SEWER 
70-557. 
ADEQ. 

in  n  m  cd     co                  n     n               *-t        in  *o 
MHinN     ih                 *r                    m    mm    a\  (N 

 I      i       .      .|          .      .  .      .  . 

OOOO      -H                     OO                 ©      oh      h  m 

rH 

COST  TO 
CORRECT 
MILLION 
$ 

0.440 
0.149 
0.589 
0.100 
0.100 
0.356 
0.356 

0.322 

0.514 
0.836 

16.282 

n  which 

le  outfalls 

MILES 
SEWER 
85-707. 
ADEQ. 

0.30 
0.19 
0.49 
0.08 
0.08 
0.40 
0.40 

0.21 

0.53 
0.74 

12.66 

sinor  flow 
;ted  syste 

:ts  of  the 

COST  TO 
CORRECT 
MILLION 

0.150 

0.150 
0.240 
0.240 
0.184 
0.184 

0.451 
0.244 

0.695 
5.091 

:lets  with 
interconne 

ream  distri 

MILES 
SEWER 
99-857. 
ADEQ. 

0.16 

0.16 
0.17 
0.17 
0.24 
0.24 

0.42 
0.46 

0.88 
7.04 

e  minor  ou 
art  of  the 

y  the  upst 

TOTAL 
COST 
MILLION 

1.055 
1.461 
1.276 
1.364 

5.156 

0.340 

0.340 

1.141 

1.141 

1.272 

0.724 
2.786 

4.782 
75.803 

.  41,  50  ar 
t  37  are  p 
ecial  study 
uade  of  onl 
system. 

TOTAL 
MILES 
INAD. 
SEWER 

0.36 
0.96 
0.94 
1.43 

3.69 

0.25 

0.25 

1.23 

1.23 

0.93 

0.69 
2.69 

4.31 
51.20 

31,  32,  33 
34,  35,  36 
iparate  sp 
sview  was 
rconnected 
■led. 

TOTAL 

SEWER 
INVES. 

0.40 
1.47 
0.94 
1.43 

4.24 

0.62 

0.62 

2.96 

2.96 

2.71 

2.93 
1.52 
6.30 
3.75 

17.21 
106.48 

i  23,  25, 
,   28,  30. 
ect  of  a  8 
37    -  A  r 
f  the  inte 
ssently  se 

DIST. 
NO. 

521 
522 
523 
524 

352 

363 
372 
374 

770 

ten 

Is     15,  17 
Ls     26,  27 
s  the  subj 
Ls  35,  36, 
sre  part  a 
L  47  is  pr 

OUTFALL 
NO. 

52 

Outfall 
Total 

53 

Outfall 
Total 

54 

Outfall 
Total 

Intercon- 
nected 
system 
See  notes 
2*3 

'Intercon- 
nected Sys 
Partial 

Grand  Tota 

Notes : 

1.  Outfal 

2.  Outfal 
will  b 

3.  Outfal 
which 

4.  Outfal 
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REQUIRED 
SIZE 

io*" 

81" 
54" 

39" 
33" 

54" 

54" 
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54" 
54" 

176 

51" 

51" 

39" 

39" 
39" 
39" 
36" 

ADEQUATE  j 
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CALCULATED 
RUN -OFF 
(C.f.B.) 
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TRIBUTARY 
AREA 
(Acres) 

r* 

inncoe>N<«<r*o     os<t>o     co     emNcoceo*rcoo     »-f     m         -»t  on     to     on     r-     a>     v  «n  r-  oa     m     ci   •  *"1 
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CAPACITY 
(c.f.B.) 
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■                            »          ■              «                 +                te  m 
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SLOPE 

.00164 

.0051 
.0051 
.018 
.0255 

.029 

.0174 
.0255 
.0415 

.0168 

.0168 

.031 
.0445 

.108 

.0069 

.0069 

.035 

.04 

.044 

.021 

.0364 

.092 

.021 

.021 

.020 

.019 

.015 

.0125 

.0106 

LENGTH 
(ft.) 

3257 
370 
260 
277 
277 
277 
277 
277 

618 

32C 
26'. 

43; 

281 
300 
280 
280 
450 
250 
270 
260 
390 

280 

400 

260 
270 

130 

270 

450 

620 
435 

260 
260 
260 
260 

260 

260 
260 
260 
260 
260 
260 

FALL 
(ft.) 

»^^mr.i^r*eo     o  »        r-     «m««r««vv>£>     ^     tc        coin     ^     h     f*»                            in  injy+nmti 

V 
2 

*i 

UPPER 

7.8 

9.6 
11 
16 
23 
30 
37 
45 

18.5 
26.7 
37.7 

18.3 

23 

28.05 
32.75 
37.45 
44.  99 
49. 1 
S3. 6 
57.95 
64.  iO 

7.4 

84 

96 

110 

111.87 

115 

45 

62.9 
74 

79.1 

89 

113 

S0.4S 

55.91 
61.11 
66.05 
69.95 
73.  20 
76.0 

•  > 

u 

LOWER 

•  1.8 

7.8 
9.6 

11 

16 

23 

30 

37 

7.8 

le.s 

2C.7 
11 

18.3 
23 

28.05 

32.75 

37.45 

44.99 

49.1 

53.6 

57.95 

64.50 

69.20 

76 
84 

96 

110 

111.87 

23 
45 

62.5 
74 

79.5 
89 

44.99 

50.45 
55.91 
61.11 
66.05 
69.95 
73.20 

*  ■** 

mOOOO                           00  r-            CD       ODODCeODCDCOCCCDCO  CO 

■-*  »-l  »H                                                                                                                   aa     co     r-»  r—     so  r* 

8 

Bayshore 

Desmond 

Talbert 

Peabody 

Rutland 

Cora 

Delta 

Schwerln 

Visi tacion 

Leland 

Raymond 

County  Line 

Peabody 

Rutland 

Cora 

Delta 

Schwerln 

Rey 

Britton 

Loehr 

Sawyer 

Hahn 

Velasco 

Pasadena 

Santos 

Easement 

(at  Santos) 
Carrizal 

Geneva 

Vlsitaclon 
Leland 
Raymond 
Arleta 

Teddy 
Campbell 

Velasco 

Or  l«nto 
Accacia 
Rio  Varde 
Calgary 

Pueblo 
Castillo 

r 

8 

Outfall 

San  Bruno 

Desmond 

Talbert 

Peabody 

Rutland 

Cora 

Delta 

Sunnydale 

Visltacion 

Leland 

Sunnydale 

Talbert 

Peabody 

Rutland 

Cora 

Delta 

Schwerln 

Rey 

Britton 
Loehr 

Sawyer 

Hahn  t 
Sunrise  Way 

Castillo 
Pasadena 

Velasco 

Santos 

Easement 

Sunnydale 

Visltacion 

Leland 

Raymond 

Arlata 

Teddy 

Easement 

(  3  *x4 ' -6"  sawer) 
Schwerln 
Oriental 
Accacia 
Rio  Verde 
Calgary 
Pueblo 

STREET 

Sunnydale 

Bayshora 

Talbert 

Easement 

(at  County  Line) 

Castillo (extended 

Valaaco 

Santos 
Easement 
Carrisal 
Rut  land 

Schwerln 

(Velasco 

Auxiliary) 
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PLATE  52 


INADEQUATE  SEWERS  LIST 
(Less  than  20#  Adequate) 

1.  Army,  Alabama  to  Potrero 

2.  Cabrillo,  12th  Ave.  to  Funs ton 

3.  California,  6th  to  8th 

4.  Church,  25th  to  Army 

5.  Drumm,  California  to  Commercial 

6.  Drumm,  Clay  to  Jackson 

7.  18th  St.,  Church  to  So.  Van  Ness 

8.  Fifth  St.,  Folsom  to  Brannan 

9.  44th  Ave,,  Moraga  to  Kirkham 

10.  46th  Ave.,  Quintara  to  Pacheco 

11.  47th  Ave.,  Moraga  to  Kirkham 

12.  Jackson,  Drumm  to  Embarcadero 

13.  Jackson,  Montgomery  to  Sansome 

14.  Judah,  12th  to  Funs ton 

15.  Main,  Mission  to  Howard 

16.  Marin,  Kansas  to  Outfall 

17.  Market,  Beale  to  Drumm 
IS.  Mason,  Chestnut  to  Beach 

19.  Mission  ,  Lowell  to  Guttenburg 

20.  Ocean  Ave.,  Jules  to  Ashton 

21.  Powell,  Francisco  to  Beach 

22.  Rhode  Island,  Alameda  to  Division 

23.  Sacramento,  Montgomery  to  Sansome 

24.  Santiago,  22nd  to  24th 
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25.  Selby,  Jerrold  to  Outfall 

26t  17th,  Mississippi  to  Texas 

27.  Stanyan  ,  Buelah  to  Waller 

2g.  Steuart,  Folsom    to  Howard 

29.  Third  St.,  Davidson  to  Burke 

30.  Third  St.,  24th  to  25th 

31.  23rd  Ave.,  California  to  Lake 
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PLATE  54 


INADEQUATE  SEWERS  21$  to  50$  • 

1971   -  1977 

.J  1 

a  * 

1 

Alemany,  San  Bruno  to  Bayshore 

1  2* 

Army.  Folsom    to  Valencia 

1  3. 

Athens,  Geneva  to  Amazon 

I  4. 

Baker,  Greenwich  to  Lombard 

Bancroft,  Keith  to  Jennings 

6. 

Beach,  Powell  to  Outfall  j 

1  7. 

Beach,  Webster  to  Fillmore  §j 

I  s. 

Cabrillo,  39th  to  40th 

Chestnut,  Steiner  to  Pierce  jjj 

n                                   J.U  • 

Cole,  Gratton  to  Parnassus  y 

1  11. 

Cole.  Waller  to  Page 

I  12. 

Clay,  Montgomery  to  Sansome 

1                   •                      13  * 

18th.  Hartford  to  Church 

1  14. 

Eucalyptus,  Melba  to  26th  Ave. 

15. 

Fell,  Baker  to  Scott 

16. 

Fell,  Central  to  Lyon 

17. 

Fell,  Van  Ness  to  Market 

18. 

Fillmore,  Beach  to  Marina 

19. 

Folsom,  Spear  to  Steuart 

20. 

41st,  Moraga  to  Lawton 

I 
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PLATE  55 


1 

m 

I 

1 

21. 

1 

46th,  Cabrillo  to  Fulton 

22. 

43rd,  Cabrillo  to  Fulton 

23. 

43rd,  Irving  to  Lincoln  Way 

24. 

43rd,  Kirkhara  to  Judah 

25. 

Francisco,  Scott  to  Pierce 

26. 

Franklin,  Union  to  Greenwich  □ 

27. 

Front,  Washington  to  Jackson 

28. 

Harrison,  l#th  to  19th 

29. 

Howard,  Spear    to  Outfall 

30. 

Industrial,  Bayshore  to  Oakdale 

31. 

Jackson,  Columbus  to  Montgomery 

32. 

Kirkham,  25th  to  2gth 

33. 

Kirkham,  23rd  to  24th 

34. 

Laguna  Honda,  Ventura  to  Noreiga 

35. 

Lake,  14th  to  15th 

36, 

Lake,  9th  to  10th 

37. 

Lake,  16th  to  17th 

3S. 

Marina,  Fillmore  to  Pierce 

39. 

Mason,  Columbus  to  Chestnut 

40. 

Mendell,  Shoup  to  Yosemite 

41. 

Mission,  Acton  to  Lowell 

42. 

Mission,  Guttenburg  to  Mt.  Vernon 

43. 

Mt.  Vernon,  Mission  to  Alemany 

44. 

Newhall,  Hudson  to  Galvez 
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69.  Talbert,  Co.  Line  to  Sunnydale 

70.  Taraval,  21st  to  22nd 

71.  Third,  Hollister  to  Gilman 

72.  30th,  Lawton  to  Kirkham 

73 .  20th  Ave . ,  Moraga  to  Lawton 

74.  25th  St.,  Sanchez  to  Church 

75 .  24th  Ave . ,  Anza  to  Geary 

76.  24th  At.,  Diamond  to  Castro 

77.  24th  St.,  Hoffman  to  Homestead 
7#.  22nd  St.,  Inniana  to  Minnesota 
79.  26th  Ave.,  Lawton  to  Kirkham 
SO.  23rd  Ave.,  Lawton  to  Kirkham 

Turk  St.,  Jones  to  Taylor 

£2.  Turk  St.,  Larkin  to  Hyde 

S3.  Ulloa,  Claremont  to  Wawona 

64.  Underwood,  Keith  to  Jennings 

#5.  Valencia,  Tiffany  to  Army 

S6.  Vicente,  26th  to  28th  Ave. 

#7.  Waller,  Pierce  to  Fillmore 
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45.  Ocean,  Plymouth  to  Jules 

46.  Ocean,  Lee  to  Brighton 

47.  Pierce,  Lombard  to  Francisco 

48.  Powell,  Columbus  to  Francisco 

49.  Quint,  Davidson  to  Custer 

50.  Rolph,  Winding  to  Seville 

51.  Sadowa:.,  Capital  to  San  Jose 

52.  Sanchez,  Jersey  to  25th 

53.  San  Jose,  Sickles  to  Lawrence 

54.  Santa  Rosa,  San  Gabriel  to  Cayuga 

55.  Santiago,  20th  to  22nd 

56.  Scott,  Fell  to  Oak 

57.  Scott,  Page  to  Waller 
5S.  Selby,  Oakdale  to  Jerrold 

59.  Seventh,  Irving  to  Lincoln  Way 

60.  Seventh,  Noreiga  to  Judah 

61.  Sloat,  24th  to  25th 

62.  Somerset,  Woolsey  to  Way lan 

63.  South  Van  Ness,  22nd  to  20th 

64.  Stanyan,  Frederick  to  Beulah 

65.  Steiner,  Geary  to  O'Farrell 

66.  Steiner,  Greenwich  to  Lombard 
67 f  Sunnydale,  Desmond  to  Bay shore 
63.  Sutter,  Pierce  to  Steiner 
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INADEQUATE  SEWER  LIST 
(50$  to  75$  Adequate) 


1.  Mission,  Main  to  2nd 

2.  Montgomery,  Pineto  California 

3.  Taylor,  Bay  to  North  Point 

4.  Mason,  Green  to  Columbus 

5.  Beach,  Taylor  to  Grant 

6.  Fillmore,  Lombard  to  Francisco 

7.  Laguna,  Lombard  to  Chestnut; 

Chestnut  to  Francisco 

3.    Cole,  Alma  to  Grattan; 

Parnassius  to  Carl; 
Beulah  to  Waller 
Page  to  Fell 

9.    Fell,  Cole  to  Ashburh 
Gough  to  Market 

10.  17th  St.,  Missouri  to  Carolina 

Folsom  to  Treat 

11.  Rhode  Island,  15th  to  Alameda 

12.  22nd  St.,  Mississippi  to  3rd 

13.  Third  St.,  19th-.  to  20th 

14.  Alabama,  20th  to  19th 

15.  ISth  St.,  Diamond  to  Collingwood 

16.  Baker,  Union  to  Marina  Blvd. 

17.  Broderick,  Lombard  to  Chestnut 

18.  Steiner,  Filbert  to  Greenwich 

19.  Vallejo,  Van  Ness  to  Franklin 

20.  Turk,  Hyde  to  Leavenworth; 

Leavenworth  to  Jones 

21.  7th  St.,  Folsom    to  Harrison 

22.  Turk,  Steiner  to  Fillmore; 

Fillmore  to  Webster 
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23.  Golden  Gate,  Tamalpais  to  Masonic 

Buchanan  to  Laguna 

24.  Laguna  ,  McAllister  to  Grove 

25.  Octavia,  Grove  to  Fell 

25.  10th  St.,  Folsom  to  Bryant 

26.  Pierce,  Pin  e  to  Sutter 

27.  Sutter,  Pierce  to  Steiner 

28.  Post,  Divisadero  to  Steiner 

29.  31st  Ave.,  Clement  to  California 

30.  Fulton,  33rd  to  34th; 

35th  to  37th; 
40th  to  41st 

31.  Great  Highway  to  La  Play  a 

32.  40th  Ave.,  Cabrillo  to  Fulton 

33.  Scott,  Fell     to  Oak 

34.  Duboce,  Fillmore  to  Church 

35.  15th  St.,  Van  Ness  to  Folsom 

36.  Church,  15th  to  16th 

37.  Stanyan,  Parnassus  to  Frederick 

38.  Webster,  Eddy  to  Turk 

39.  Argue llo,  Anza  to  Geary 

40.  8th  Ave.,  Anza  to  Geary; 

California  to  Lake 

41.  Lake,  15th  to  16th; 

7th  to  8th 

42.  Geary,  Parker  to  Jordan 

43.  l4thAve.,  California  to  Lake 

44.  17th  Ave.,  Geary  to  Clement; 

California  to  Lake 

45.  23rd  Ave.,  Cabrillo  to  Geary 
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46.  7th  Ave.,  Judah  to  Irving 

47.  Judah,  9th  to  10th; 

Fulton  to  14th 

48.  12th  Ave.,  Kirkham  to  Judah 

49.  14th  Ave.,  Judah  to  Irving 

50.  Noriega,  24th  to  28th 

51.  Kirkham ,24th  to  25th; 

28th  to  30th 

52.  29th  Ave.,  Ortega  to  Moraga 

53.  Vicente,  43rd  to  Outfall 

54.  Quintara,  40th  to  41st; 

45th  to  46th 

55.  Pacheco,  45th  to  46th 

56.  Taraval,  20th  to  21st 

57.  22nd  Ave.,  Ulloa  to  Vicente 

53.    Bicente,  22nd  to  27th; 

33rd  to  34th 

59.  Sloat,  Springfield  to  34th 

60.  Taraval,  19th  to  20th 

61.  Kensington,  Portola  to  Ulloa 

62.  Wawona,  14th  to  15th 

63.  Junipero  St.,  Monterey  to  Darian 

Darian  to  Eucalyptus 

64.  Ocean,  Harold  to  Lee; 

Brighton  to  Plymouth 

65.  Hearst,  Forster  to  Edna 

66.  Flood,  Edna  to  Detroit 

67.  Santa  Rosa,  Congo  to  San  Jose 

68.  Foerster, Flood  to  Monterey 

69.  29th  St.,  Dolores  to  San  Jose 

70.  Tiffany,  29tn  to  Valencia 

71.  Mission,  Virginia  to  29th 
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72.  Oakdale,  Loomis  to  Barneveld 

73.  Aleraany,  Westview  to  Tulagi; 

Tulagi  to  San  Bruno 

74.  Army,  Mission  to  Folsom; 


75 •    Mission,  Amazon  to  Seneca; 

Italy  to  France; 

France  to  Onondaza 
Regent  to  Acton 

76.  Rolph,  Seville  to  Athens 

77.  Oriandagai,  Mission  to  Alemany 

78.  Woolsey,  Hamilton  to  Holyoke 

79.  Felton,  Holyoke  to  Somerset 

80.  Somerset,  Felton  to  Way land 

81.  San  Bruno,  01ms tead  to  Way land 

82.  Bay  Shore,  Wayland  to  Phelps 

83.  Phelps,  Bayshiore  to  Egbert 

84.  Donner,  Phelps  to  Newhall 

85.  Rutland,  Teddy  to  Raymond 
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1 

INADEQUATE  SEWERS  LIST 
(Above  75$  Adequate) 

- 

1. 

Pacheco,  36th    Ave.  to  37th  Ave. 

t  2. 

Moraga,  40th  Ave.,  to  41st  Ave.  N 

1                            •  3. 

Cornwall,  6th  Ave.  to  gth  Ave. 

4. 

Lake,  10th  Ave,  to  -o^n  Ave,; 
20th    Ave.  to  22nd  Ave. 

Geary,  Cooke  to  Spruce; 
Jordan  to  Palm 

Pith  tn  ?/,th  n 

O . 

duciiu,  raiin  i/O  Arguexxo 

7. 

Funston,  Cabrillo  to  Balboa; 
Anza  to  ueary 

o  . 

uaornio,  <-ifL>n  Ave.  t»o  <c^ru  Ave. 

a  O 

|  y. 

ruicon,  jis&  Ave.  x>o  ;jra  Ave.; 
37th  Ave.  to  40th  Ave. 

|  10. 

l4thSt.,  Mission  to  Harrison 

i  ii. 

Dolores,  14th  St.  to  15th  St. 

i  12. 

15th  St.,  Folsora  to  Harrison 

1  13. 

17th  St.,  Mission  to  Van  Wess 

14  • 

oancnez,  Duuoce  to  I4v*n  oz. 

15 . 

unurcn,  14tn       .  to  l?&n  bt.; 

16th  St.  to  17th  St. 

10. 

uaK,  o&anyan  to  unraasr 

T  1 
J-(  . 

uoie,  rreaeriCK  to  rseuxan 

lo. 

fell.  Asnuury  10  ijentrai , 
Lyon  to  Baker 

19. 

San  Bruno,  16th  St.  to  15th  St. 

20. 

Carolina,  Mariposa,  to  17th 

21. 

Mariposa,  3rd  to  Illinois 
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22.  18th  St.,  Eureka  to  Diamond; 

Guerrero  to  Valencia 

23.  10th  St.,  Irving  to  Lincoln 

24.  19th  Ave.,  Pacheco  to  Ortega 

25.  20th  Ave.,  Noriega  to  Moraga; 

Lawton  to  Irving 

26.  Laguna  Honda,  Vasquez  to  Merced; 

Dewey  to  Plaza 

27.  Howard,  Fremont  to  Main 

28.  Lombard,  Buchanan  to  Webster 

29.  Francisco,  Fillmore  to  Pierce 

30.  Franklin,  Green  to  Union 

31.  Francisco,  Broderick  to  Baker 

32.  Laguna,  North  Point    to  Beach 

33.  Pierce,  Bay  to  North  Point 

34.  Scott,  Chestnut  to  Francisco 

35.  7th  St.,  Market  to  Mission; 

Howard  to  Folsom 

36.  Steiner,  Sutter  to  Post; 

Ellis  to  Eddy 

37.  Webster,  Turk  to  Golden  Gate; 

Post  to  Geary 

38.  Golden  Gate,    Webster  to  Buchanan 

39.  Fell,    Octavia  to  Gough 

40.  10th  St.,  Market  to  Mission; 

Folsom  to  Harrison 

41.  California,  Divisadero  to  Pierce 

42.  Sutter,   Broderick  to  Divisadero 

43.  Divisadero,  Sutter  to  Post 

44.  Fillmore,  Bush  to  Sutter 

45.  Page,  Octavia  to  Gough 


I 
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CITY  8  COUNTY  OF  SAN  FRANCISCO 
LOCATIOfl  OF  ADEQUATE  &  INADEQUATE 
MAJOR  TRANSPORT  SEWERS 


V) 


s 
s 


LEGEND 


ADEQUATE  TRANSPORT  SEWERS 
t  S  YEAR  STORM  FLOW  ) 

INADEQUATE  TRANSPORT  SEWERS 
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HORTON'S  VALUES  OF  V 
(to  be  used  httm  Kiitter's  and  Hannihr's  formulas) 


SURFACE 

I  REST 

1  1 

GOOD      |     FAIR       |     PAD  jj 

Uncoated  cast-iron  pipe  N 

0.01? 

0.013                 0.014          [      0.015  | 

»  

^Coated  cast-iron  pipe 

0.011 

0.012* 

0.013* 

r 

■i   

j  Cortmercial  wrought-iron  pipe,  black 

0.012 

0.013 

0.014 

0.015 

Commercial  vrouqht-iron  pipe,  galvanized 

0.013 

0.014 

0.015 

0.017  [| 

Smooth  brass  and  glass  pi:>e 

0.009 

0.010 

0.011 

o.oi3  a 

Smooth  lockbar  and  welded  "OU"  pipe 

0.010 

0.011* 

0.013* 

J 

Riveted  and  spiral  steel  pipe 

0.013 

0.0)5 

0.017* 

Vitrified  sewer  pipe 

(0. 010) 
(0.011) 

0.013* 

0.015 

0.017 

Common  clay  drainage  tile 

0.011 

0.012* 

0.014' 

0.017 

Glazed  brickwork 

0.011 

0.012 

0.013* 

0.015  ; 

Brick  in  cement  n>ortar;  brick  sewers 

0.012 

0.013 

0.015* 

0.  017 

Neat  cement  surfaces 

0.010 

0.011 

0.012 

0.013 

Cement  mortar  surfaces 

0.011 

0.012 

0.013* 

0.015  |j 

Concrete  pipe 

0.012 

0 . 013 

0. 015* 

0.016 

Wood  stave  pipe 

0.0)0 

0.C11 

0.012 

0.013 

Plank  Flumes:  Planed 

0.010 

0.012* 

0.013 

0.014 

"          '  Unplaned 

0.011 

0.013* 

0.014 

0.015 

■         .*             With  battens 

0.012 

0.015* 

0.016 

Concrete-lined  channels 

0.012 

0.014* 

0 . 016* 

0  018 

Cement-rubble  surface 

0.017 

0.020 

0.025 

0.030 

Dry-rubble  surface 

0.025 

0.030 

0.033 

0 . 035 

Dressed-ashlar  surface 

0.013 

0.014 

0.015 

0.017 

j Semicircular  metal  flumes,  smooth 

0.011 

0.012 

0.013 

0.015  ' 

J  Semicircular  metal  flumes,  corrugated 

0.0225 

0.025 

0.0275 

0.030 

jcanals  and  Ditches:  Earth,  straight  and  uniform                               •  ' 

0.017 

0.020 

0.0225* 

0.025 

j     *                    *          Rock  cuts,  smooth  and  uniform 

0.025 

0.030 

0.033* 

0.035 

t     "                    *          Rock  cuts,  jagged  and  irregular 

0.035 

0.040 

0.045 

"                    ■         Winding  sluggish  canals 

0.0225 

0.025* 

0.0275 

0.030 

*                    *          Dredged  earth  channels 

0.025 

0.0275* 

0.030 

0.033 

!.;                          "         Canals  with  rough  stony  beds,  weeds  on  earth  banks 

0.025 

0.030 

0.035* 

0.040 

"                    *         Earth  bottom,  rubble  sides 

0.028 

0.030* 

0.033* 

0.035 

Natural  Stream  Channels:         (l)  Very  weedy  reaches 

0.075  ■ 

0.100 

0.125 

0.150 

(2)  Clean,  straight  bank,  full  stage,  no  rifts  or  deep  pools 

0.025 

0.0275 

0.030 

0.033 

(3)   Same  as   (2),  but  some  weeds  and  stones 

0.030 

0.033 

0.035 

0.040 

(4)  Winding:   some  DOols  and  shoals,  clean 

0.033 

0.035 

0.040 

nnn  1 

(5)   Same  as   (4),  lower  stages,  more  ineffective  slope  and  sections 

0.040 

0.045 

0.050 

0.055 

j    (6)   Same  as   (4) ,   some  weeds  and  stones 

0.035 

0.040 

0.045 

0.050  | 

j    (7)  Same  as   (5).  stony  sections 

0.045 

0.050 

0.055 

0.060 

|    (8)   Sluggish  river  reaches,  rather  weedy  or  with  very  d»cp  pools 

0.050 

0.060 

0.070 

0.080  | 

•  Values  commonlv  u*nd  in  H*->*inn1nn 
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ANALYSIS  ON  STORAGE  CAPACITY 
VS. 

TREATMENT  RATE 


STORAGE  CAPACITY  VS.  TREATMENT  RATE  ANALYSES 


To  meet  the  required  time  schedule  for  the  development 
of  the  Master  Plan  for  solving  dry  and  wet  weather 
pollution  problems  of  the  City  and  County  of  San  Francisco, 
it  was  imperative  that  the  available  basic  rainfall 
information  be  subjected  to  comprehensive  analysis. 
Of  prime  significance  were  the  effects  of  imposing  various 
treatment  rates  and  storage  capacities  on  the  historical 
rainfall  data  and  then  determining  the  number  of  overflows 
to  be  expected  from  the  City's  sewerage  analysis  system, 
based  upon  the  results  of  the  history. 

A  computer  program  was  devised  to  model  the  storage/treat- 
ment process  for  combined  overflow  control.    The  program 
was  used  in  conjunction  with  62  years  of  U.  S.  Weather 
Bureau  hourly  rainfall  data  and  21  years  of  rainfall  data 
from  the  Richmond- Sunset  Water  Pollution  Control  Plant 
to  route  storms  of  record  through  the  storage/treatment 
process. 

The  rainfall  at  time  T  is  noted  and  the  amount  of  rain 
treated  is  subtracted.     If  there  is  more  rain  than  can  be 
treated,  the  excess  goes  to  storage.     If  the  total  rainfall 
at  time  T  exceeds  both  treatment  and  storage,  an  overflow 


I 


I 


occurs.     The  amount  of  overflow  at  time  T  is  that 
rainfall  which  exceeds  the  treatment  and  storage. 
A  rainfall  event  ends  when  the  storage  is  empty 
(i.e.  when  the  rainfall  treated  equals  the  total 
rainfall  at  time  T) . 

Shown  in  Plate  1  to  71    are  summaries  made  for  a  parti- 
cular treatment  rate  in  inches/hour  and  storage  capacity 
in  inches  based  on  62  years  of  U.  S.  Weather  Bureau  record. 
Also  shown  are  charts  showing  the  relationship  of  the 
percentage  of  storage  capacity  utilized  vs.  the  percent 
of  time  such  storage  (or  less)  was  utilized.     Plate  72 
to  126  show  summaries  based  on  21  years  of  record  at 
the  Richmond-Sunset  Water  Pollution  Control  Plant. 
A  graphical  illustration  of  the  storage/treatment  process 
model  is  shown  in  Plate  127. 
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PLATE  I 


SAN  ff»:,tllCu  UtlE.1  IKEATMtNT 
HVEIU-kAPM  ANALYSIS 


irea1ment  rate' 
sto°ace  capacity* 


o2*UNORETHS  OF  AN  INCH  PEW  HOUR. 
0  HUNDRETHS  OF   AN  INCH. 
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62YR   SF   FED  BLJG 


OA Y  DATE 

YYMMDD  HR 


MRS   Nil  — R   A   I   N   F  A   L   L —  MF  S   TO  — STuRAGE-     — 0  V  E   R   F   L   0   W —   TREATMENT  — AGE   OF  STUKAGE  

STORAG  UUKAT.N  HJU.<S  UUANTY     EMPTY  OUKATN  MAX     NO  ST   UUK   WSTE    I NTL   H1IURS   JUANTY   AGtl   AGE2   AGt  3   AGt<.  AGE5 


*«.«»(    »«»«2   »»»*«3    *t,   t*»««««5   *«•*•(,   «..»7   ***»«a   «»»»«9   .«»»lo   «H   «12   13  *1A   •  ♦IS   «*16    »««17    ♦♦••18   •  •  19  *«2C   "21   «*22  >*/3 


AVEFAGE  5071  EVENTS  55.9*« 
AVtRlGfc  5071  OVERFLOW  EVENTS 


2.5 
2.5. 


2.5 
2.5 


22.0 
22.0 


0.0 
0.0 


2.5  CO 
2.5  0.0* 


G.0« 

1.0  2.5   17.0  11.2 


4.7 

•4.7 


7.9  0.5  O.C 
7.9     0.5  0.0 


0.0  O.C  0.0 
0.0     0.0  0.0 


♦  NON-OVERFLOW   EVENTS  ONLY. 

•  •EXCLUDING  43  DRY_  PERIODS..  . 


AVERAGE  NUMBER  UF   EVENTS   PER   YEAR  =  Rl.790 

AVERAGE  NUMBER  _F  OVCKFEUwS  PER  YEAR  »  81.790 
AVERAGE   ANIIUAL   OVERFLOW,    IN    INCHES        =    13. 884 


san  franc  i  sco  water  treatment 
hyetogkaph  analysis 


TREATMENT   R  ATE  =  HUUORETHS   OF    AN   INCH  PER  HOUR. 

STO^AGF   CAPACITY*        2  HUNDRETHS  OF   AN  INCH. 
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62YR    SF  FEO  BLOG 


DAY  OATE 

YYMMDO  HR 


MRS  NO  --R   A  I  N  F  A  L   L —  HR  S  TO  — STORAGE-     — 0  V  E   R  F  L  0  W—  TREATMENT  — AGE   OF  STORAGE  

STORAG  DURA  TN  HOURS  QUANT Y     EMPTY  OUKATN  MAX     NO  ST  DUR  WSTE   INTL   HOURS  OUANTY  AGE  I  A  GE  2  A&E3  AGE4  AGES 


«•»»[  **t«t3   it,  unto;  ***«7  ****«g  »t««»9  *»»*[o  *ji   *i2  13  «  14  **15  »»16  **»17  ••••18  »»19  »»20  «»21  *«22  *«23 


AVERAGE  3798  EVENTS  72.5** 
AVERAGE  3299  OVERFLOW  EVENTS 


4  .4 
4.9 


4.3 
4.8 


30.  a 

34.8 


0.9 
0.9 


5.3  1.9 
5.8  1.0* 


l.O* 

1.2  3.9  23.6  12.4 


7.2 
7.7 


12.7 
13.7 


1.3 
1.3 


3.  I 
3.5 


3.  3 
3.7 


1.7  1.8 
1.9  1.4 


*  NO N- OVERFLOW  EVENTS  ONLY, 
♦♦EXCLUDING  43   DRY  PERIUDS. 


AVERAGE   NUMBER   OF  EVENTS    PER   YEAR  =■   it.  258 

AVERAGE  NUMBER  UF  OVERFLOWS  PER  YEAR  *  53.210 
AVERAGE   ANNUAL   UVERFLOW,    IN    INCHES  ='12.538 


1 

EVENT 

2 

DAY 

3 

OATE 

4 

HR 

5 

HRS  NO 

STORAG 

6 

OURATN 

7 

HOURS 

R 

OU'.NTY 

9 

HRS  TO 

EMPTY 

10  ~ 

OURATN 

11 

MAX 

12 

NO 

13 

ST 

14 

OUR 

15 

WSTE 

16 

INTL 

17 

HOURS 

18 

OUANTY 

19 

AGE  I 

20 

AGF2 

21 

AG63 

72 

AGE4 

23 

AGES 

TITLE  DESCRIPTIONS    .     

«  SEQUENCING  NUMBER •      _  _____ 

-  DAY  THIS  EVENT   BEGAN •     REFERENCED  FROM  JANUARY  1.  1901. 

*=  OATE  THIS  EVENT  BEGAN.   

*  NUMBER  OF  HOURS  PAST  MIDNIGHT  THIS  EVENT  BEGAN. 

-  NUMBER  OF  HOURS   SINCE   END  OF  LAST  EVENT,   EXCLUDING  SUMMER   (MORE  THAN   1000  HOURS). 

=  OIIOATION  OF   STORM  FROM  FIRST  HOUR  OF  RAIN  TO  LAST  HOUR  OF  RAIN. 
t  NUMBER  OF  HOWS    IN  WHICH  RAINFALL   OCCURRED  DU.UNC  EVENT.  ' 
=*  AMOUNT  OF  RAINFALL  DURING  THE  EVENT   IN  HUNORE  THS  OF  AN  INCH. 

=  NUMBER  OF  HOURS  FROM  LAST  RAINFALL  TO  END  OF  EVENT. 

=  TOTAL   NUMBER  OF  HOURS  STORAGE  WAS  UTILIZED.      IE,   LENGTH  OF  THE  EVENT. 

*  MAXIMUM  A.MO'lNT  OF  STORAGE  UTILI-ED,    IN  HUNORETHS  OF   AN  INCH.  .    .  ._.-■_. 


OVERFLOW  EVENT  SEO'JENC  ING  NUMBER. 

NUMBER  OF  HOURS  ELAPSED  WHEN  OVERFLOW  OCCURRED. 


OR,    IF   NO  OVERFLOW,   HOUR   MAX  I  HUH  STORAGE  BEGAN. 


NUMBER  OF  HIIHPS    IN  WHICH  OVERFLOW  OCCUREO. 

QUANTITY  OF   WATER  RELE4SE0  UNTREATED,    IN  HUNORETHS  OF  AN  INCH. 

QUNTITY  OF   WATER  RELEASEO  UNTREATEO  DURING  THE  FIRST     3  HOURS  OF  OVERFLOW. 

NDMRER  OF  HOURS  WATER  WAS  TREATED  DURING  THE  PR  ESCN  X  EVENT  AND  SINCE  THE  PREVIOUS  EVENT. 

QUANTITY  OF   WATER   TREATED  OUR ING  THE  EVENT  AND  SINCE    THE   PREVIOUS  EVENT. 
AVERAGE  AGE  OF  TREATMENT. 

HO'IRL Y  MAXIMUM   AGE   OF    STORAGE  ON  FIRST    IN,    FIRST  OUT  BASIS. 

HOURLY  MAXIMUM   AGE   OF    STORAGE  ON  FIRST    IN,    LAST  OUT  BASIS. 

QUANTITY  WEIGHTED  AVERAGE   AGE  OF  STORAGE   ON   FIRST    IN,    FIRST   OUT  BASIS. 

QUANTITY  WEIGHTED  AVERAGE  AGE  OF  STORAGE  ON  FIRST   IN,   LAST  OUT  BASIS. 
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